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b DTP descent timer/programmer
| DTU digital telemetry unit
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E encounter
entry
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i gravitational acceleration
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‘ [‘tt ' GSFC Goddard Space Flight Center
=G
- ,.?r H }.ystack Tracking Station - NASA DSN
) HFFB Ames Hypersonic Free Flight Ballistic Range
3 HPBW half-power beamwidth
5 htr heater
'HTT heat transfer tuniel
I current
IA inverter assembly
1C integrated circuif
ICD interface control decament
IEEE Institute of Electrical and Elactronics Engineering
I¥C interface control document
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IMP interplanetary monitoring platform
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IOP input/output processor
IR infrared
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IRIS infrared interferometer spectrometer
IST integrated system test
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JPL Jet Propulsion Laboratory
; KSC Kenn._dy Space Center
L launch
LD/AD launch date/arrival date
LP large probe
N LPM lines per minute
. l LPTTL low power transistor-transistor logic
i MSI medium scale integration
F LRC Langley Research Center
M Madrid tracking station - NASA DSN
MAG magnetometer
max maximum
MEOP maximum expected operating pressure
MFSK M'ary frequency shift keying
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MJS Mariner Jupiter-Saturn
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7. PROBE SUBSYSTFM DEIFINITION

7.1 AERODYNAMICS AND AEROPHYSICS

7.1, 1 Introduction and Summary

Considcrations of aerodynamic drag, stability and heating; roll-to-

pitch moment of inertia ratios; internal packaging; and integration with the

';,
}

1

Hoe { bus have led to the selection of blunted cones for the Fioneer Venus probes.
'E Because these probzs must be passively stable, great care must be given

}: to the details that affect aerodynamic stability, i.e., cone angle, nose

i‘ radius, edge radius, base cover shape, c.y. location, and moment of

3 R inertia. The small probe must perform throughout the entire Mach number
g}:: t range from hypersonic entry to the subsonic velocity condition, whereas

the large probe eatry vehicle flight is terminated when the parachute is

deployed, at which time the Mach number is 0. 7. It is well known that

LR TR aae oh Sl bl

' . | large angle cones exhibit unstable aerodynamic pitch damping in the low
— supersonic /transonic Mach number range (References 1 through 8). Ref-
erences 1, 3, and 5 indicate that shaping of the base cover can have a
- significant effect on this coefficient; however, to date no blunt shape has
' been discovered for which there is no region of unstable damping. For-
tunately, for a wide variety of base shapes, the instability is limited to
small angles of attack, and onh} a slight divergence occurs for a very

short period of time during entry, -

Thus, the major aerodynamic design problems for the Pioneer
Venus mission are to determine a smail probe shape that will enter satis-

factorily and then exhibit good stability during the lengthy subsonic portion

of the mission.

For the large probe descent capsule, which is essentially a sphere

with several protuberances, the major design problem is to provide a
] ‘ device that will increase the drag and also stabilize the sphere. The erratic
g behavior of spheres in free flight has been reported by several authors,
] *E 4, with various stabilizing devices having been studied (References 9 and 10).
)‘%’ v The simplest device, suggested by ARC, consists of a ring of some finite
i thickness located near the equator of the sphere with 2 single peripheral
_3\ row of héles which, if canted, also serve to produce a well controlled roll
3 ‘ {" ratc. In the case of the small probe, the most effective design involves
' sﬁ ? : a modification to the PAET concept, using a spherical base centered at
e B 211




g e

A . »_d!;..eé‘n PSR

oMo e o,

-

2

[
C L Ty )

- PR
AT R
.

| | il 1
S
‘,:»j.-f’;.'?“

i
PRSI

‘J\
,—o--'%,-g, .
SR SR

- 24

the mass center. The modification introduces a conical section aft of the

maximum diameter to fix the point of flow separation.

In the present study, major attention has beer devoted to the sub-
sonic preblems insofar as new experimental work has been concerned. ;h
Tests have been carried out in a parallel IRAD task in conventional sub- :
sonic wind tunnels at MMC Denver and Colorado State University, and, :
with NASA cooperation, in the LRC Spin Tunnel and ARC HFFB Water :
Facility. Force and moment, one degree of freedom, and six degree of "

freedom tests have been conducted.

In addition to the experimental efforts, flight dynamics studies have

S

been made using six degree of freedom computer programs and analytical
methods, in particular the method of Coakley, Reference 11. Aerodynamic
heating analyses have been made using sophisticated real gas viscous and
radiative computational methods for a number of entry vehicle shapes and

initial trajectory conditions,

The preferred aerodynamic configurations for the probes are shown
in Figure 7.1-1. The entry configurations and the stabilization ring for ' 4 b
the descent capsule have been selected based on the tests and analyses
mentioned earlier. These analyses have indicated that the small probe
during entry with an initial angle of attack of 10 degrees and a spin rate of
10 rpm will damp to 0.5 degree by the time peak heating and peak decelera-
tion occur. The spin tunnel tests have indicated that the preferred small
probe, in contrast to a large number of other shapes tzsted, does not
exhibit a limit cycie behavior but trims to zero angle of attack and can
withstand an angular perturbation of about 45 degrees without tumbling.
The three small probes cnter the atmosphere with different flight path
angles, .25, -4v and -60 degrees, The 60 degree entry produces maxi-

mum heating rates and shear stresses. Significant values are tabulated.

. M : y
Loecation q:n. —% qr ’ MZV_ ch at, h—"%— fqr dt, M% Tm. '@z
m m m m

m

Stagna -
tion Point 36.0 27. 1 79.4 37.5 --

Cone 67.0 10.3 78. 1 14.1 6.7 O

The integrated heat input values apply 2* a point 70 percent back on the cone. |
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figure 7.1-1, Sketch of AtlasiCentaur Descent Capsule, Large Probe,
and Smal! Probe .

The large probe afterbod’)} shape, strongly influenced by mechanical

integration considerations, was selected on the basis of analytical studies,
data in the literature, including the Viking Program pitch damping data
(References 7 and 8) which represent a very comprehensive study of the
effects of various afterbody shapes on 60. and 70 -degree half-angle blunted
cones, and the tests conducted during the present study. These data and
studies have indicated that the large probe during entry with an initial angle
of attack of 10 degrees will damp to <0.5 degree before peak heating and

deceleration are reached. The large probe is not intended to fly at the

low Mach number obtained in the spin tunnel. Nevertheless, in tne spin
tunnel the configuration did exhibit 5.degree limit cycle Lrhavior and

i the ability to withstand a distrubance of about 60 degrees without tumbling.
0 During nominal entry, heating and shear values for the large probe aze as
f - tabulated.
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m m m m

Stagna -

tion Point 19.0 11.3 65.1 22.5 --

Cone 38.5 10.8 83,5 22,1 2.9

In the following paragraphs, the topics covered are requirements;
trades; preferred configurations, Atlas/Centaur; preferred configurations,
Thor /Delta; aerodynamic analyses and tests; and aerothermodynamic

studies.

7.1,2 Requirements

The fundamental requirements of the aerodynamic design of each of
fhe Pioneer Venus probes are to provide (1) a-specified ballistic coefficient,
and (2) a stable platform for the science instruments, Because both the
large probe and small probes are spin stabilized at 10 rpm during preentry
coast, care must be taken to ensure that no roll resonance effects are
encountered during entry with these initial roll rates., The probes transmit
data directly to earth with very limited power. This, coupled with the
antenna pattern characteristics, re sults in a limitation on communication
angle increment due to probe aititude disturbances of + 15 degrees during
descent from 70 to 35 km, and then varying linearly to 0 degree at the

surface.

The sequential release strategy for the probes is designed specifically
to restrict the initial angles of attack at entry to less than 10 degrees;
therefore, there is no requirement that the probes be capable of recovering
from a backward or tumbling entry. Angular perturbations due to gusts

are expected to be smail, -For example, the response toa wind shear of

 0.05 mps/m of the probes in terminal descent is shiown in Figure 7.1-2,

which depicts the steady-state angle acquired when a probe is subjected
to the specificd shear until the maximum wind velocity is reached. Thus,
if the small probe were subjected to the shear until a horizontal velocity
of 100 m/s were rcached, the trim angle relative to vertical would be
about 27 degrees., If the wind shear were then terminated, the probe

would be at an angle of attack of 27 degrees, This appears to be the

7.1-4
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maximum angular disturbance from which the small probe must recover,
Figure 7.1-2 also shows that the maximum distarbance angle for the large

probe is about 17 degfees.' ‘

Assessment of instrumentation requirements indicates that a roll
rate correspondmg to apprommately 5 revolutions per km may be required

for the large probe subsequent to parachute deployment

These requirements may be summarized by saying that the probes
must exhibit ""good'' dynamic stability characteristics including the ability
to recover from an angular perturbation rather quickly., However, the
atmospheric reconstruction experiment probably calls for the most precise
understanding and control of the aerodynamic characteristics of the probes.
Ideally, this experiment would require zero angle of attack (i.e., zero
1ift and constant drag) throughout the flight. However, realistically, it is .
desirable and feasible to provide:

1) Small variation of lift and drag with angle of attack over a
moderate range;

2) Zero limit cycle behavior; and

3) For a rolling probe, a pure spiral behavior in the a,8 plane.
The first two requirements are largely shape dependent and the third,
additionally, requires that pitch and yaw moments of inertia be equal and

that roll rate be controlled.

7.1.5
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7.1.3 Trades

On the basis of systems analysis of the probes involving trajectory,
heat shielding, and packaging requirements, it appeared very early in the
study that blunted nose cone half -angies of 60 and 45 degrees were optimum -
for the large and small probes, respectively. Therefore, effort was
devoted toward developing optimum base cover shapes for these forebodies.
Subsequently, however, as a cost savings, it was suggested that a common
aerodynamic shape for the two probes would result in reducing the develop-
ment phase wind tunnel test program by a factor approaching 50 percent.
Therefore, a compromise nose cons half.angle of 55 degrees was con-
sidered with several afterbody shapes. Consideration was also given to
use a 70-degree cone angle in order to take more advantage of the available
Viking aerodynamic data, The aerodynamics activities involved both
analytical and experimental studies of aerodynamic characteristics, and

included consideration also of c.g. location, d/e, and roll rate. -

Because the design problem for the large probe descent capsule is
to develop a drag amplification/stabilization device for a sphere, experi- -
mental programs were undertaken to test parametric variations on several - -
types of devices in order to devéiop désign data for use as requirements
varied during the design process. De.vices tested were eplit flare type
fins, vented flares, thin rings, and finite thickness, perforated rings.
Also tested in conjunction with the above devices were several roll-fin
configurations and protuberance arrangements simulating antenna configura-

tions and science instruments.

In addition to the tests, analytical studies were made relating to the
t‘iight dynamics of the various configurations, Both six degree of freedom
trajectory computer programs and the method of Coakley (Reference 11)
have been used to study the effects of variations in the static and dynamic
acrodynamic coefficients, mass properties, such as c.g. offset and prin-

ciple axis angularity, and initial conditions at entry, especially roll rate.

Aerodynamic heating computations including both viscous and radiative
heating were made using real gas flow field and boundary layer digital com.-
puter programs. A large number of configurations and entry flight conditions

as indicated in Tables 7,1-1 and 7. 1.2, were investigated.

7. 1-6
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, "'1! ’ Table 7.1-1. Atlas/Centaur Entry Trajectory and Geometry Conditions
. . < r
Ve Ve A e *n " Po, ! Om | 9m Tm
o
: CcAst KM S 0tc | xG M? | DtG M M mn m? [ w2 faw m? | ko m?
ol LARGE PROBE
S | e | 250 | esa0 | 0 095 | o6 | o055 | 35 | a3 |29
2 11,34 -40.5 90.72 40 0.3975 0.8763 0.65 2.5 14,0¢ 3.3
3 11.34 -40.5 90.72 $S ' 0,580 0.8763 0.65 5.0 14,9 4.3
. ‘ nae | -40.0 | 78.5 l I . 0.5525 | 0.9908 | o054 | 220 | 0.6 | 2.2
! $ TR -40.0 78.54 $5 | 0.5080 0.6783 0.5 | 35.0 8.3 | e
) .16 -40.0 78.5 | AP 2,378 0.9905 0.5¢ 4.5 18,6 | 0.8
SMALL PROSE
7 1.3 | -25.0 ] 1414 a5 | 02759 | 0.4084 0.6 | 220 |[ua |3z
8 134 | -45.0 | 14ra s | 02 0.4064 1.08 | 525 220 | 4.4
9 11,34 ~80.0 141.4 45 0,275 0.4004 1.3 67.0 7. 8.0
10 1 | -450 | 16 55 0.2355 | 04088 | 092 | N0 |157 | 87
" 13 | -45.0 | 119.6 ss | o753 | oaose | o092 | 50 | 174 | 4
*NOTE: THE MAXIMUM CONVECTIVE VALUES q‘n AND T OCCUR AT AN OFF-STAGNATION LOCATION AFTER
TRANSITION, THE MAXIMUM RADIATIVE HEATING q'm OCCURRED AT THE STAGNATION POINT EXCEPT
FOR THE VALUES OENOTED WITH
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LT J t Table 7.1-2. Thor/Delta Entry Trajectory and Geometry Conditions
. ¥
= v ) : ¥ '» |
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The results of these trade studies and tests have been used in con-
junction with the overall systems requirements to arrive at the preferved
probe configurations, These probes meet all of the requirements discussed

in Section 7.1.2.

The 30-degree half-angle cone afterbody terminating with a spherical
cap has been shown to exhibit the most favorable stability characteristics
out of the large variety of shapes tested within the range of c. g. location
and d/¢ values practically attainable for the Pioneer Venus probes. Of
all the afterbedy shapes tested, the full hemisphere was the only one that
would not tumble. However, as indicated in Section 7. 1. 2, this feature
is not required, Therefore, the 30-degree cone /spherical cap shape, which
performs better than the full hernisphere in terms of limit cycle behavior,
‘was selected for the small probes. For the Thor/Delta version of the large
probe, which incorporated the large flare stabilizer for the descent capsule,
packaging, and integration considerations, suggested selection of the 45-
degree cone/spherical cap afterbody which, aerodynamically, is almost
as godd as the 30-degree afterbody. For the Atlas /Centaur large probe,
selection of the perforated ring for stabilization of the descent capsule,

. instead of a flare, led to sclection of the smaller, stepped back afterbody,
which is similar to shapes for which transonic and supersonic data are
available in the literature (References 5, 7, and 8). This afterbady shape
‘greatly simplified the problems of afterbody staging and mounting the

large probe to the bus. If the probes should be required to recover from
very large perturbations or from tumbling, either the hemispherical after-
body as used on the PAET vehicle, or a deployable drogue device such as
the Yee anchor (Sections 7.1.6 and 7.5.6.2), can be implemented. At the

present time, this is not a requirement.

Spin tunnel tests on dynamically scaled models of the three probes
have heen conducted in order to document their subsonic stability character.
istics. These tests involved perturbing the models with a stick and photo-
graphing their dynamic behavior. Thus, the degree of angular disturbance
which the models would sustain without tumbling, as well as the steady-

state behavior, was determined,

70 1-8
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The perforated, equatorial ring was shown to be a very simple and
effective device for increasing the drag and stabilizing the descent capsule.
Canted holes in the ring were shown to control the roll rate very efficiently.
Tests conducted with a representative arrangement of science experiment
protuberances showed them to have an insignifican: effect on the behavior
of the descent capsule; however, modeling of the wind/altitude radar
antenna plate directly on the bottom of the descent capsule and of two fairing
arrangements resulted in an undesirable trim angle of attack, It is believed
that a fairing can be developed to eliminate the trim angle, but it is recom.-
mended that consideration be given to curving the radar element and/or

adapting a round versus square configuration to simplify its itegration.

The following table summarizes the test results for the preferred

-~ e

configurations,
Steady -State Angle Without A;gle for
Model ‘ Behavior ‘ Tumbling Tummbling
Large probe Limit Cycles (a) Approximately | Approximately
<5 degreces 50 degrees 60 degrees
. ’ B Descent Trims to zero Approximately 90 degrees
¢ v Capsule angle of attack | 90 degrees
i Small probe Trims to zero 45 degrees 50 degrees
angle of attack

(a)Similar behavior was initially observed for the small probe configura-
tion but disappeared when the model size was increased from 10-
to 23.inch diameter., Only 10-inch diameter models of the large
probe have been tested. It is very difficult in spin tunnel testing to
determine whether model angular excursions less than about 10-
degrees are truly limit cycle behavior or due to flow turbulence.

The idea of using a common entry configuration was discarded
largely because the small afterbody shape adopted for the large probe
would not accommodate the small probe pressure sphere and thc benefits
derived from this large probe design were greater than those afforded by
the cornmon probe shape approach. It then appeared rational to use the
optimum 45- and 60 -degree forebodies for the small and large probes,
respectively, and the 55-degree cone was drogped from contention. The
70 -degree cone was eliminated because it could not he packaged with the

c. g, far enough forward to ensure satisfactory passive stability.

7. 1.9
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7.1.4 Preferred Aerodynamic Configuration, Atlas/Centaur

The external shapes of the large and amall probe entry vehicles
and the large probe descent capsule sclected for the Atlas/Centaur option
are shown in Figure 7.1-1. The mass propcrtics are also shown for

reference in the figure.

The aerodynamic cocfficients for the entry configurations are given
in Figures 7. 1-3 through 7. 1.6. The static cocfficients are hased upon
values obtainced from the literature (Refercences 13 through 16) and from
MMC subson:ic wind tunncel tests conducted during the present study. The
damping coefficients are based on forced oscillation and trce oscillation
type tests conducted at AEDC (References 8 and 9) for the Viking Program

and on tests carried out in the LRC spin tunnel during the present study.

Static aerodynamic coefficients and derivatives for the descent capsule
have been derived from tests in the MMC subsonic wind tunnel. The values

are applicable for -30 degrees<a < 30 degrees and are:

CD =0,72
CN = 0.80 per rad
o
CMG = -0.091 per rad
i
9
The reference area is "i , and reference length = sphere diameter = d,

and cg 18 at 3.5 percent d forward of the maximum diameter station.
Pitch damping coefficients (Cm_ ¢t Cmé) for the perforated ring versions of
the descent capsule have been deduced from the motion pictures cbtained

in the spin tunnel tests. From this type of test, "'average" values of the
coefficient are deduced. The values are given in Figure 7. 1-7 which also
shows a curve of "instantaneous’ damping coefficient deduced from the

tayverage! ctrve by means of the method of Reference 12.
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NOTE: INSTANTANEOUS DAMPING FOR SMALL PROSE
ASSUMED 10ENTICAL TO THAT FOR LARGE PROBE (SEE FIG, 7,1dA)

RUN SYM C.G.(%  do SEMES v FACILITY
80 - 3.2 3.8 W 5.2 SPIN TUNNEL
— o 0 o - 5.0 csv

T: l
Wln
® ? _\\
SR YN

. ——

:F
(v}
ore

> - L. 1 ..l L

® 0 10 20 0 40

9ot ax (OEG)

Figure 7.1-6, Small Probe Average Damping Derivative for Mach Number
) 0,05 Deduced from Spin Tunnel Tests

FACIITY SYM  RUN d/e C.G.(%d) 0O/¢  RING POROSITY(%)
" SAN.TUNNEL O 0 2P <35 V.28 P
SPIN TUNNEL A 268 2.7 3.0 1,128 .7
sen TUNNEL O I 2,74 -3.5 1,115 43.4
SPIN TUNNEL & b4 .n -3,0 1,108 47.7
AVERAGE DAMPING REFERENCE
" INSTANTANECUS DAMRNG {““}2‘.’,"”
i1
" AN
~ -€.G.
2
3
RECOVER
L% -0.4 FRUM !00"0
PERILRBATION
uz?i % h—v——J
AL P —
° 29 ] % (] [
o (DEG)
PEAK
Figure 7.1+7, Descent Capsule Pitch Damping Coefticivnts as a Function of
Angle of Attack & Mache0. 05
7.1-14

e e e e o

PR o e

ok b el




B
Y L. ‘%

7.1.5 Preferred Aerodynamic Configuration, Thor [Delta.

The external configurations for the large probe, small probe and de-
scent capsule for the Thor/Delta optioﬁ are shown in Figure 7.1-8. Because
the small probe entry vehicle shape and large probe entry vehicle forebody
configurations are identical to those for the Atlas/Centaur option, the aero-
dynamic coefficients given in Figures 7.1-3 through 7. 1-6 are assumed to be
applicable up to a=40 degrees. The difference in the Thor/Delta large probe
afterbody shape will probably cause some trangonic/subsonic pitch damping
coefficient differences, but these will not affect the convergent @« behavior,

. u-n»xc

-5lch

= (NAW)T
‘ I aumu’

o
1K)
nawms/m

Me143,9KG
ly 15,00 KGM?

2
Iy 12,44 KGM
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-

Me24.7K0
1 = 0.40 xoM?
ty = 0.2 xow!

1y 0.3 xomd

NOTE: IﬂNﬂONS IN
ERS ANCHES)

Figure 7,1-8, Sketch of MID;R;‘W Captule, Large Probe, ond

The descent capsule stabilization flare for the Thor /Delta, however,
is different from the perforated ring shown on the Atlas/Centaur version,
The flare was designed for a drag coefficient of 0.8, This configuration
was demonstrated to he stable in the spin tunnel, i.e., it exhibited a low
limit cycle R 6 degrees, and a relatively small amount of translation (lift).
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Although possibly amenable to improvement by design madifications, the
somewhat erratic nature of the oscillations, apparently deriving from
alternating vortex shedding, was deemed to be undesirable, This led to the
adoption for the Atlas/Centaur option of the very effective and simple per-
forated ring. This ring would be compatible with the Thor/Delta probe

and also would currently be the choice for that probe system design as well.

7.1.6 Aerodynamics Analyses and Tests

Analyses car:ied out during the present study have involved:

1) Estimating static and dynamic aerodyna.” i¢ coefficients for the
three probe configurations.

2) Dynamic stability studies involving limited gensitivity studies of
the effects of aerodynamic coefficients, mass properties, and roll
rates. '

3) Descent capsule sensor environment.

Aerodynamic test programs have been conducted in a number of
facilities on a iarge number of conical shapes with various afterbodies and
on spheres with various drag ampliiica.tion/stabiliza.tion devices and roll

producing devices.

S 7.1.6.1 Aerodynamic Coefficients

- Aerodynamic coefficients for use in six degree of freedom digital
computer studies of 45-, 55-, and 60 -degree semi-angle cones have been
developed using data from the literature (References 13 through 18) and
from the IRAD tests conducted during the present study. These coefficients
are shown in Figures 7.1-3 through 7.1-6 for the 60 - and 45-degree cones,
and Figure 7,1-9 for the 55-.degree cone. CD' CLa. CNa R Cma' and

Xep values for the three cone angles are compared in Figure 7. 1-10.

7.1. 6.2 Dynamic Stability

Analysis of the dynamic stability characteristics of an entry vehicle
for varying initial conditions, mass properties, and aerodynamic coefficients
through use of a digital six degree of freedom trajectory program can be
an cxtremely time consuming and costly process. Thus, before undertaking
such a study, preliminary work should be done with simpler methods in
order to minimize the scope of the study. One such method has been pre-

sented by Coakley in Reference 11, where he develops a criterion that

7.1.16

’
S

-~
"

0




o2 R 8 8 8 %

ate)
a([DEG)

s

MACH NUMBER

MACH NUMBMR

o

(Y20 201244630 35004 WXV

N9) INIIDIEE0I 304 TVWION

i

L AL o

«0.04

() INSINEIOI ININOW DNHOUS

MACH NUMOR
Figure?.1+9, Estimated Asrodynamic Cosfticiants for 53-Deg Cone

7.1.17



- T

K MALF-CONE ANGLE (DEG)
&

1.4 e ———— 55

1.2
[N 4

1.0

0.8}

0.6 i i | 4 ) } 1 1A

0 ' 2 ] 4 5 6 7 (] s ¥ oo
MACH NUMBER
HALE-CONE ANGLE (DEG)
4

0.8 - /

—"-\\_/

4

0“ B — e SSEE S G W TS S S— . —
s e e e
: Y e 45 s
i ] n L L i i i i I d
° v T | 1 ¥ 1 L] L] N’
2 HE H 4 5 s 7 H ’ T
I P =
Z . - .
<
g L Cy
5
e ——— o e e e e
0 I Af
1 b ] 3 1| 14 | | 1|
Cpm 1 2 3 H s 6 7 ¢ y oo
(PER RAD) MACH NUMSER HALF-CONE ANGLE (D£G)
0.4
/ -~
-0.2 V — - - L ——
MACH MUMBR A
0 p———y T ) 1 1 H T 1 . oo
%ep/a L] 2 3 4 [ 'y ? [ © [
AFf OF C.O.

-0.4

fiqure 7.1-10. Comparison of Estimated Aerodynamic Coefficients lor 45, 55, and 0 Degrees

Conical Probes

7.1-18



indicates whether the angle of attack envelope of a rolling entry vehicle is
‘divergent or convergent. This formula represents a significant improve-
ment on the well known Allen formula in that roll rate, gravity, variable
“density, and variable flight path angle are all accounted for,

Stab111ty Criterion Analysis

In Reference 19, Shn'ley a.nd Misselhorn presented a study of the
_ Coakley criterion by comparison with numerical trajectory results, with
Allen's crxtenon and with crztena developed by Murphy in Reference 20
and Jaffe in Reference 19. The bulk of their study showed that the angle
of attack behavior was largely determined by the pitch damping coefficient.
However, for the blunted, 60-degree cone vehicle of their study, it was
also shown that, at subsonic speeds, even with a negative pitch damping

coefficient, a roll related divergence was indicated at about 4 rad/s.

In order to gain some understanding of how this phenomenon might
relate to the proposed Pioneer Venus probes, a study has been carried
out using the Coakley criterion. The complete analysis is given in Appendix
7.1B. The mass properties of the present preferred probes are somewhat

different than those used in the study; nevertheless, the results are believed
to be informative.

In summary the results of the analysis were:

Large Probe

1) The roll related divergence computed by Shirley and Misselhorn
was found to result from the large value of roll-to-pitch rnoment
of inertia, 1.8, whereas our large probe value is 1, 32,

2) The large probe entry vehicle stability characteristics were
strongly reclated to the pitch damping derivative. The probe was
stable at the time of parachute deployment.

3) The descent capsule was found to be stable for terminal descent
velocities and roll rates and the stability was found not to be
significantly influenced by changes in ballistic coefficient.

Small Probe

1) The small grobe was likewise found not to suffer a roll related
divergence,

2) The small probe was stable above 77 km, primarily due to the
atmosphere scale height term during the period of increasing
dynamic presgsure.

7.1.19




3) Between approximately 60 and 77 km, the indicated instability
(Figure 7. 1B-10 Appendix 7. 1B) was dependent on the interaction
of the drag, gravity, and density terms, corresponding to the
period of rapidly decreasing dynamic pressure, and strongly in-
fluenced by the pitch damping coefficient.

4) In terminal flight the small probe was stable even for very small

values of the pitch damping coefficient.

Stability boundaries for the preferred Atlas/Centaur small probe
based on these studies are shown in Figure 7.1-11, It is significant that
the small probe is stable throughout the trajectory with roll rates up to
four times the 1 rad/s planned, even with very low values of Cpy + Cm&
relative to those it is estimated to possess (Figure 7.1-6). This indicates

an insensitivity to the accuracy of the current estimates for this critical

 parameter. Comparison of this figure with the comparable figure for the -
“Thor /Delta small probe (Figure 7.1B- 7) in Appendix 7. 1B shows that the

preferred Atlas/Centaur small probe is slightly more sensitive to roll rate.
This is the same effect mentioned earlier, since the Atlas/Centaur probe
has a larger rolling moment of inertia. See equation 1 of Appendix 7. 1B.
However, this increased roll sensitivity is not of any significance for the

planned roll rates of the descent.

o/ex 4.2
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wp- ST symE  STARE 4
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0 4 s 12 1 20
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figure 7.1-11. AtiasiCentaur Small Probe Stability Boundariss &
Functions of Pich Damping Derivative, Roll Rate,
ard ARRude
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. Six Degrees of Freedom Simulation

' Tféjcctory parameters from six degrees of freedom digital computer
runs for the large and smail probes are shown in Figure 7.1-12 and
7.1-13 in terms of total angle of attack and dynamic pressure as functions
of time, Mach number, and altitude. It is seen in these figures that the
angle of attack, from an initial value of 10 degree at entry, converges
. ” : throughout the trajectory except for a very slight tendency to diverge in
; . ‘: the transonic range when the pitch dainping coefficients go positive over a
small angle of attack range (Figure 7. 1-4a).
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The small oscillations on the total angle of attack curves indicate
the ellipticity of the motion in the ¢, # plane. The ellipticity, <1 degree
for the large probe and < 0.5 degree for the small probe, results from the
moment of inertia in pitch being arbitrarily given a value equal to 1.02
times the moment of inertia in yaw,
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7.1,6.3 Descent Capsule Sensor Environment

The flow environment in the vicinity of the desired location for the
science sensors on the descent capsule has been examined through study
of a smoke flow photograph for a sphere in supercritical Reynolds number
flow (Figure 7.1-14), and through calculation of the boundary layer transi-
tion pdlnt and thickness on the sphere. Figure 7.1-15 shows a tracing of
the smoke filaments (streamlines) with the sensor ring and sensor axes
indicated. It is seen that the flow is very nearly normal to the sensor axes.
Figure 7.1-16 shows the Reynolds number variation during the descent
caj)sule flight that was used in the boundary layer computatidns. Figure
7. 1-17 shows the location of the boundary layer transition point (based on
the method of Reference 21), and Figure 7.1-18 shows the boundary layer
thickness at the sensor ring location. This thickness was assumed to be

7.54 (Blasius profile) times the momentum thickness, given also by

Reference 21. These figures indicate that the boundary layer in the vicinity

" of the sensors is laminar and very thin throughout the descent.

7,1.22



8 - INSTRUMENT AXES

LESGEND
A = INSTRUMENT RING LOCATION

figure 7.1-15. Streamlines About Sphere Showing Relation to Science Sensors

7.1.23



2
b+ 2.43 KO/M
Ll 6.0 K06/

g or e ssoka/M o
E 0.30 sue/FTd)
£ PATACHUTE RELEASE
2
2+
0 4 1 { {
0 ‘ ’ 12 1wx ot

REYNOLDS NUMIER
Figure 7.1-16, Reynolds Number for Descent Capsule

¢
0=
3
£ ok
&8
STABLE
e LAMINAR 48
5 fLow
2l ~
)
(
0 1 1 L 1
m ) ) )
# (0LG)

Figure 7.1-17. Boundery Layer Transition Pointon 2 Sphere

1]
L]
g
g L SINSOR 1ING
20
1 4 L
1 ? 3

3IX 107
SOUNDARY LAYER THICKNESS (#/d),50

Figure 7.1-18, Boundary Layer Thickness in Vicinity
of Science Sensors

7.1.24




e T s

It might be expected that a flow separation region will be produced
ahead of the stabilization ring, However, it is believed that the holes in
the ring will vent off meost of the boundary layer and minimize the size of

the separated region to the extent that it will not influence the sensors,

Liocal pressure on the sphere in the region of attached fluw is given
by the classical potential theory formula:
‘A
' C.=1-9/4 sinz¢
P
where C_ is the pressure coefficient. At the location of the sensor ring

¢ = 65 degree,

7.1.6.4 Wind Tunnel Test Results for Preferred Configurations

Extensive use was made of wind tunnel test results in evaluating

candidate probe configurations. The test programs were carried as part
of MMC's Planetary Entry Probes IRAD Program with NASA cooperation,

starting prior to the Phase B Proposal and continuing into the present time.
The test facilities used and the types of tests conducted in each follow.

’ ‘ ' Facility Type of Test

- .x‘,,,/ R MMC Low Speed Wind Tunnel Static force and moment

- Army Meteorological Wind Single degree of freedom

1 £ Tunnel at Colorado State dynamic stability

3 ﬂ{‘\ ) University

#“{- NASA ARC HFFB Water Facility Six degree of freedom dynamic

1 stability

NASA LRC Vertical Spin Tunnel Six degree of freedom dynamic
stability.

Considerable data were gathered on various configurations of large

probe, descent capsule and small probe in support of the Thor/Delta and
Atlas/Centaur desigr and trade studies. Only low speed data were obtained

in all facilities. Figures 7.1-19 and 7.1C.7, 7.1C.8 and 7. 1C-10 of Appendix
7. 1C show all of the model configurations tested. The major results per-

taining to the preferred configurations are discussed below.
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Small Probe Resuli:s

Acrodynamic considcrations in the selection of the preferred small
probe configuration were based largely upon the behavior of the 45-degree
cone model with various afterbodies in the Langley Spin Tunnel. These
regults are summarized in Tables 7. 1C-6 in Appendix 7.1C, where the
prefcrred configuration is identifice as A-F with c.g. at -4.0 percent d
and d/o equal to 4.0, The table shows that the 10-inch diameter model
exhibited a small (4 degrees) limit cycle, whereas the 24 .inch diameter
rnodel (75 percent full scale) trimmed at zero-angle of attack, The dif-
ference is believed to he due-to the scale of turbulence in the spin tunnel.
I* is also shown in Table 7.1C -6 that the configuration would recover from
disturbances close to 50 degrees but with a disturbance of 50 degrees

. 'would tumble. In the ARC water facility teats, the A-F configuration with
‘dfe = 3.8 exh1b1ted a limit cycle of about 15 degrees and with d/o = 4.6,

trimmed to zero angle of attack., The static coefficients obtained in the
MMC wind tunnel, Figure 7.1C-1 of Appendix 7.1C show very little dif-
ferences between the 60- and 45.degree cones and virtually no effect of . . .
afterbody shape except for the hemispherical afterbody. This difference
is discussed in the Appendix.

Large Probe Results

The large probe aerodynamic configuration selection was based
largely upon the avallable data in the literature. Although the large probe
will not encounter the low speeds obtained in the spin tunnel, it is believed
that such tests are indicative of what might be expected in the Mach number
range ( 0.7) just before parachute deployment. Therefore, the preferred
configuration was tested in the spin tunnel with representative values of c. g.

~ lecaiion and dfe, i.e., -3.5 percert d and 4,9 respectively, The results

are summarized in Table 7.1C-8 (Appendix 7. 1C) with configuration code
B-H,. The table shows that the configuration /18.in. model) exhibited a

small limit cycle, about 5 degrees, would recover from a disturbance of

‘at least 52 degrees, and would tumble from a 58 -degree disturbance. No

tests were conducted with this configuration in either the MMC wind tunnel

or the ARC water facility,
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Descent Capsule Results

The preferred Atlas/Centaur descent capsule is basically a sphere
with a thick perforated ring to provide the requirced drag and stability.
Tests were performed with both 10-inch and 23-inch diameter sphere
models in which the width and porosity (ratio of hole area to ring area) of
the ring were varied. Other variables included c.g. location, protuberances
(science instruments, pyro nut containers, aft antenna), and the wind/
altitude radar ancenna. The test results are summarized in Table 7.1-3.
From the tabulated drag data it is apparent that the drag coefficient can
readily be tailored by vaiiations in ring geometry. With respect to stability,
all configurations (except for certain configurations of the radar antenna)
were stable. Limit cycle behavior was observed only at the lowest ring
porosity tested, =% 13 percent,and reducing the ring width belew 3.4 percent
of the sphere diameter resulted in introducing a low trim angle. Neither
of these limits imposes any problems in achieving the desired ballistic
coefficient for the flight article. All of the models bexperienced some degree

of low amplitude perturbations.

The influence on stability of various combinations of simulated science
sensor protukerances in the equipment ring area was found to be negligible
as was the effect of these sensors on the drag coefficients inferred from

the tests.

The wind/altitude radar antenna protuberance, however, is a 10 -inch
square flat plate tangent to the sphere at its forward stagnation point.
Tests were made on this configuration and on two faired configurations.

To simulate 21 fully faired antenna, a cylindrical section was inserted
between the fore and aft hemispheres. A partly faired configuration was
achieved by cutting a sector off the fore hemisphere. These configurations
are shown in Table.7.1-3. The fully faired model was statically unstable
for aft c. g. locatiohs“. As the c.g. was moved forward, the model became
stable and trimmed out at a successively decreasing angle of attack. This
behavior indicates that inserting the cylindrical section between the two
hemispherces results in moving the center of pressure, which is at the
geometric center, of the forward iicmisphere forward of the model c. g.

It further implies that the pressurc on the forward hemisphere dominates

the static stability characteristics, The partly faired model exhibited
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\ry of Results of Sphere/Thick, Perforated Ring Model Tests in the Spin Tunnel
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similar trim angle bebavior, but was stable in the ¢.g. location range
where the fully faired model was unstable, indicating that the flat face was
| stablhzmg. ‘The antenna -alone configuration also had a finite trim point,
4 but seemed to be better behaved in terms of random pe rturbations than the
two faired rodels and not significantly worse than the same ring geometry
1 version of the 23-inch sphere without the antenna. In the 10-inch sphere

tests, the antenna-alone configuration definitely caused a degradation in

behavior over the no-antenna case.

- From these initial tests it is concluded that the descent capsule with-
out the wind/altitude radar antenna will be adequately stabilized by a per-
forated ring. However, aerodynamic accommodation of the radar antenna
has not been resolved. The tests also demonstrated that the canted holes

in the ring a~< an effective means for producing a controlled spin rate.

e '_ 7.1.7 Aerothermodynamic Studies

o Cold wall, no-blowing entry convective and radiative environments
have been calculated for the eleven Atlas/Centaur trajectory and geometry
combinations shown in Table 7.1-1 and the seven Thor /Delta combinations
given in Table 7.1-2, Thé 1978 launch entry velocity of 11,34 km/s was
emphasized in the Atlas/Centaur analysis. However, three large probe
configurations were considered at the lower entry velocity of 11,16 km/s
encountered with a 1977 launch. All Thor/Delta calculations were for the
1977 launch.

. ¢ .. 7.1.7.1 Analysis Procedures

Details of the procedures used in the present entry environment
; calculations are presented in Appendix 7.1A. For the parametric study
of configuration and trajectory influences, a completely uncoupled solution
procedure was selected, i.e., convective and radiative phenomena were
computed independently and the effect of ablation products on the environ-

ment considered in a separate material rcsponse analysis. A comparison

is made (Appendix 7.1A) of the results from this procedure with those

results available from the fully coupled analysis performed by LRC at onc
trajectory point for both a large and a small Thor/Delta probe. Reasonably
gocd agreement is shown between the two results giving added confidence ‘

in the analysis technique used here.
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For the chosen procedure, a separate inviscid analysis is required;
] . in particular, the bady pressure distribution and bow shock shape are
necessary. The hypersonic pressure distribution and shock standoff dis-
tance at zero angle of attack for five of the configurations considered in
the preseni study are depicted in Figure 7.1-20, If the cone angle is

4 greatler than about 51 degrees for the assumed Venus atmospherc gas com-
| position, the body sonic point occurs at the aft corner, In this case the
pressure and shock standoff distance distributions then also depend on the

, base-to-nose radius ratio., These detailed differences were accounted for

in the configuration studies. For each configuration, however, the distri-
=¢ butions were held constant throughout the heating period. The probes were
= . assumed at zero incidence throughout the entry heat pulse and all calcula-

tions made for thermochemical equilibrium.
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. o Convective heating and shear stress have been obtained with the
- | computer program SHIV. It is important to note that the effects of bow
. ’E | .;‘ shock induced vorticity are included in the formulation. The stagnation
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' | - Bromberg, ‘ Fox, and Ackermann, with the wall shear stress found from

the modified Reynolds analogy. For the lower entry velocity cases, transi.
tion was assumed to be instantaneous at a laminar momentum thickness
Reynolds number of 250. For the 1978 launch cases, a transitional heating
region was included with the start of transition determined from a momentum

thickness Reynolds number /boundary layer edge Mach number correlation.

- In caleulating the radiation environment, initially the radiative heat
flux to the wall from an isothermal, constant pressure slab was determined.
The temperature and pressure of the slab at each body location were taken
to be the local boundary layer edge values and its thickness equal to that

!

v determined in the inviscid analysis. This procedure approximately accounts
f; ' for the entropy layer effect at locations away from the stagnation point.
&f ' Nonadiabatic effects are then included by multiplying the slab results by

a radiation cooling factor. The effect of ablation products in reducing the
radiative heat flux to the wall was ignored because of the modest mass loss

rates encountered with the present-entry conditione. .

No specific analysis of the base region was made. As dircussed in i ]
{ : Appendix 7. 1A, the base heating environment was defined as a fraction of . .
i r” the cone environment immediately preceding the aft corner. This was done
!
*

,"4 recognizing the close relation between the cone and base flow, in particular,
) : . . regarding transition and turbulence. For flat base probes, the fraction
| dﬁ . specified was 0.03 of the sum of core convective and radiative heating. For
£y boat-tailed probes the fraction was taken to be 0.05.

7.1.7.2 Environmental Results

Atlas/Centaur '78 Mission

Results for the preferred Atlas/Centaur configurations with the
1978 launch entry velocity are depicted in Figures 7.1-21 through 7.1-25.
The convective and radiative cold wall, no-blowing heating rate histories
. for the large probe at the nominal entry angle of -35 degrees are given in
Figure 7.1:21 for two body locations. Transition occurs for the cone

- 3
3o e o
i EE AR
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.

location shown near the time of peak stagnation point heating and leads to

peak convective heating rates of nearly 40 MW /mz. Stagnation point con-
2

vective and radiative hesting maximize at about 19 and 11, 3 MW /m",
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respectively. Although not depicted, the maximum no-blowing wall shear
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' : stress (the value to be simulated in materials tests) during the trajectory is

about 2.9 kN/mz. The maximum convective and radiative heating rates and

shear stress experienced by each of the probes as well as the maximum
stagnation pressure are given in Tables 7.1-1 and 7,1-2,
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Figure 7.1-22. Oistribution of Cold Well No-Blowing

Convective and Radiative Heating Rates
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Figure 7.1-25. Distribution of Cold Wall No-8lowing
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onthe Atlas/Centaur Small Probe

The double peak evident in the radiative heating pulse in Figure 7. 1-22
is caused by the changing chemical composition of the shock layer, Early
in the trajectory, the shock layer gas is at high temperature and low pres-
sure, leading to large populations of atomic and ionized species. A large
fraction of the radiation is from atomic line and continuum processes. As
the probe decelerates, the pressure continues to rise and the temperatures
drop, leading to an increase in the molecular population and the associated
radiation, For the particular trajectories of interest, this transition in
radiation processes occurs near the time of peak heating., Note that maxi-

mum radxatwe values for both loca.ttons shown occur at the £1rst peak

The distribution uf both convective and radmtwe hea.tmg rates over
the large probe is shown in Figure 7.1-22. At the particular time chosen,
i.e., at peak stagnation point convective heating, the transition location
is at the 60 percent surface location and is moving forward on the body.
The radiation distribution displays two maxima, At the stagnation point the
hlg,h temperature leads to hzgh radiative heating despite the thin shock
layer. With a nearly constant shock layer thickness on the spheric al

section (Figure 7.1-20), the radiation drops off-as the flow expands and
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cools. With the relatively constant temperature on the cone section, how -
ever, the radiative heat flux increases along the cone ae the shock layer |
thickens. After transition the effective radiating temperature lowers as
the entropy layer is entrained. This effect, combined with the drop in
pressure along the body, serves to decrease the radiation,

Tha effect of the entry angle on the stagnation point conve: ctive and
radiative heating rates for the preferred small probe confzguratmn is shown
in Figure 7.1-23 with similar results for a cone location i in Fxgure 7.1.24,
The peak radiative and convective heating rates increase and the total con-
vective heating decreases with increasing entry angle as expected, However,
because of the extreme sensitivity of the radiative heating to velocity at
any given altitude, integrated radiative heating may increase with inc reasing
‘entry angle. Of importance on the cone is the effectively earlier time of

transition as the entry angle increases., The maximum convective heating

-and shear stress occur after transition. Note that maximum radiative

results for the stagnation point occur at the first radiative peak, but at the
second peak for the cone location, Thus, atomic line and continuum proc-
esses dominate in the stagnation region, but molecular band radiation
dominates on the cone with the lower temperatures.

' The hea.tmg rate d1str1but10n for the small probe neecr the time of

- -peak siagnation point convective heating for Yg = -45 degrees is depicted in

Figure 7.1-25. Because of the smaller scale and lower cone angle of the

small probe bodies, their entry environment is dominated by convective
processes., At the time for which results are shown, transition has juat
occurred on the body and maximum heating rates have not yet been experi-
enced. In contrast to th“evlarg‘eprobe, the maximum radiative heating
occurs at the stagnation point and the radiation level is approximately
constant on the conical section. This reflects the lower temperatures and
shock Jayer thicknesses associated with lower angle cones,

v Althoug_h the heating histories are not presented, Table 7.1-1 in-
dieates the additional calculations madle in selecting a preferred con-
figuration for the 1978 Atlas/Centaur probes. Of particular interest are
the results for a shape common to both the large and small probes, i,e.,

a cone angle of 55 degre s and a nose-to-base radius ratio of 1, 725, cases
3 and 10. Comparing the maximum heating and shear results in Table 7,121
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for the preferred and commaon large probe (cases 2 and 8), it is seen that
the most significant effect is the 30.percent increase in shear stress far
the 55.degree sphere cone, In addition, similar results are seen for the
small probe, i.e., comparing cases 8 and 10, the small common probe
experiences a maximum shear stress and convective heating rate increase

of over 50 and 35 percent above the preferred small probe configuration,

this despite a smaller ballistic coefficient. The main causc of these cifects
is the small nose radius required to obtain the necessary base-to-nose
radius ratio for commonality with the large probe. With this constraint
relaxed and the nose radius allowed tc ....zz *se to the preferred configura-
tion value, the results for case 11 arc obtained. No significant differences
between the maximum environment values for cases 8 and 11 are noted.

Atlas/Cehtaur '77 Mission

For the 1977 Atlas/Centaur mission, the cold wall, no-blowing entry =~

heating environments have been calculated for the three large probe con-
figurations shown in Table 7.1-1, A single trajectory was considered.
The convective and radiative heating histories of the three probes for the

stagnation point and an off-stagnation point location are shown respectively - -
“in Figures 7,1-26 and 7.1-27. The nose radii differences account for the
stagnation point heating variations between the configurations with an in-

_croease in nose radius decreasing the convective and increasing the radia-

tive heating. The higher boundary layer edge velocities on the 55-degree
sphere cone lead to earlier transition and a much higher coavective heating
rate than for the other two configurations at the off.stagnatior locations
shown, Correspondingly, the lower temperatures reduce the radiative

~ heating component for the more slender bodies. -

 Thor/Delta '77 Mission

For the Thor/Delta mission, cold wall, no-blowing entry heating

environments for a number of trajectory combinations for three large probe

| geBmetriés and two for the small probe have been calculated, Sphere cones

of 60 and 70 degrees and the Apollo shape have been analyzed for the lafge
probe;.a 45-degree sphere cone and the Apollo shape for the small probe,
The trajectory conditions considered for each configuration are noted in

Table 7.1-2,
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l.arge probe convective and radiative heating results are shown in
Figures 7.1-28 and 7.1-29 where results for both the stagnation point and
a selected off-stagnation point location are shown respectively. The
60 -degree sphere cone experiences the highest stagnation point convective
heating followed by the 70-degree sphere cone and Apollo shape. This
results since the Apollo nose radius is much larger than that for the 60-
and 70 -degree sphere cones and the 70-degree sphere cone stagnation
point velocity gradient is reduced from that for the 60-degree body because
of the influence of the entirely subsonic forebody. The stagnation point
shock standoff distance variation between geometries accounts for the
radiative heating differences. The transition order for the three bodies
is 60- and 70 -degree sphere cones and then the Apollo shape. This order
is due primarily to the higher boundary layer edge velocities and thus
higher Reynolds numbers associated with more slender bodies. Note that
for both body locations depicted, the maximum radiaticn occurs during the
second peak. This is in contrast to the results for the 1978 launch and

reflects the generally lower temperatures encountered in the 1977 launch.
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Entry heating results for the small probe are shown in Figures
7.1-.30°and 7.1-31, The effect of entry angle is depicted for the 45'ﬁ-degree
sphere cone at the stagnation point and an aft body location, respectively.
The expected incicase in peak rates as the trajectory steepens is apparent.
A second small probe configuration was also considered at the lowest entry
angle, 20 degrees. These results are also showa in the two illustrations.
Boundary layer transition did not occur at the off -stagnation locaiicn for
this blunt configuration; however, transition time is most important for
the 45-degree sphere cone, with effectively earlier transition times as the
entry angle is increased. Because of the smaller scale of the small probe
bodies and low cone angle for the sphere cone, the entry environment is

dominated by the convective heating.

From Tables 7.1-1 and 7.1-2 it is seen that the most critical entry
environment experienced by the probes for either the 1977 or 1978 launch

is the turbulent shear stress encountered on the small probe, This param-

eter is critical to selection of the heat shield material. The maximum

value attained for the preferred configuration (45-dngrec sphere cone) is

6.0 kN/m2 for the 1978 Atlas /Centaur mission at an entry angle of -60

degrees.
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To aid in the evaluztion of the reflecting, ablating heat shield, a
spectral distribution of the radiative flux is required. Results from such
a calculation for the Thor/Delta large probe 60-degree sphere cone are
depicted in Figure 7.1-32. Shown'is the spectral distribution of the cun-
tinuum and molecular band 'transitiohs‘at three times near peak heating.
The results are from the stagnatica joint isothermal slab analysis and do
not include the cooling factor correction. The times shown bracket the
period mentioned earlier where the chemical makeup of the shock layer is
changing. The corrections for atomic line radiation to the total are 45,
16, and 4 percent, respectively, for.the three times shown, indicating the
mcreasmg dominance of the molecular processes through the trajectory.
Examination of the illustration shows a shift in radiation to the lower

frequencies as the probe enters.
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7.1.7.3 Heating Cor relations

'With the wide range of entry parameters considered in the study, the
results lend themselves to correlation in terms of nose radius, R’N’ bal.

listic coefficient,B, entry angle,rE and cone angle, 0. In particular, the

maximum stagnation point convective heating rate, Yo’ radiative heating

r . - . r
rate, Yom and the maximum cone radiative heating rate, Ac,,» Were
successfully correlated. The proper convective stagnation point parame:2rs

and powers are of course known and the following correlation was obtained;

. 1/2
c . K© gsin 7E
9%m = To RN
with
K€ = 1.54 (1977 launch)

1.71 (1978 launch)
For the maximum stagnation point radiative heating rate

r 8 - « VN . PRy

_ T 50:497
o, = K R

Do N .. (pggp,E}x.«l

with

K: = 0,115 (1977 launch)

0.175 (1978 launch)

For the maximum cone radiative heating rate we obtained:

q:m - K: Rgx. 497 (8sin ’E)l. 18
with
K. =0.272 (1977 launch)

- 0.325 (1978 launch)

With one exception these correlations provided results well within
10 percent of the calculated values. The exception was the 70-.degree
sphere cone where the influence of the entirely subsonic forebody leads
to a lower stagnation point velocity gradient but larger standoff distance.

Thus, the correlation overpredict the convective and underpredict the
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radiative heating rates. The stagnation point convective and radiative ﬂ
heating rates as calculated by LRC (Appendix 7. 1A) also fell well within e
a 10 percent error band, Note the large effect of cone angle on cone radia-

tive heating, Increasing the cone angle from 45 to 55 degrees with other

parameters remaining the same, increases the cone radiative heating by

over 95 percent. The effect of entry velocity can be estimated by ratioing

the coefficients K. The 1978 launch raises the stagnation point convective

and radiative heating rates and the cone radiative heating rate by 11, 52,

and 19 percent, respectively.

NOMENCLATURE

B ballistic coefficient

C. g center of gravity

C A axial force coefficient
CD ' drag coefficient =

CL lift coefficient

CL lift curve slope .-

a ;
C., pitching moment coefficient <
C, pitching moment slope
m‘!

o 8% 8 “mn

Cm i C pitch damping coefficient, 3 d + - ':i

my 8 (]
1 e <‘N> °(ﬁ

CN normal force coetricient

d, D diameter

Ix’ Iy’ Iz moment of inertia about roll, pitch and yaw axes, respectively

m mass

M Mach nurnber

q dynamic pressure

q:n maximum convective heating

q:n maximum radiative heating '
R, ) Reynolds number
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< v W ®
o

x
cp

.7.

radius at base of cone
noce radius
maximum cross sectional area
velocity
distance from c. g. to center of pressure
angle of attack
angle of sideslip
flight path angle at entry
- pitch rate
semi.angle of cone
radius of gyration in pitch

maximum shear stress
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e 7.2 HEAT SHIELD
7.2.1 Introduction

, Venus entry is significantly different from entry intc the Earth's at-

"1 mosphere as experienced to date, The mission requires high entry angles
_ which, coupled with the high entry velocity and blunt configuration, result
7”" in substantial radiant heating (on the order of 20 percent of the total cold
) a wall nonablating heat input and up to 40 percent of peak total-heating-rate)v —— e
wel In addition, turbulent flow and high viscous shear exist over a substantial

fraction of the entry body. Despite this unique combination of entry condi-
tions, conventional heat shield materials and fabrication techniques are

applicable to the Pioneer Venus heat shield system.

With .the greater weight capability of the Atlas/Centaur configuration,
cost savings relative to the Thor/Delta heat shield program can be achieved
by selecting ablative materials which, although not weight optimized, do
have high performance reliability and flight history. This allows reducing
the scope of tests in the design-development and quahfxcatmn, ‘as well as
reducing tests by specifying a single material for the forebody mstead of
taiioring the material-to the environment distribution. The heat shield syu-
tem sele,ctéd-?‘t"or'thé Atlas /Centaur entry probes is composed of ablative
materials that have been developed through years of ground and flight tests.

Figure 7.2-1 shows the general configuration, thicknesses, and weights.

LARGE PROSE
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LOCATION MATERAL oM _KG)
A Quartz 0.0 2.9
NITRILE
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¢ s £5A 3540 0.3 )
N 0MAL 7.3%6

SMALL PROSE
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MATERAL (€M) {x0)

c \,(
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Y. NITRILE '
" PHENOLIC
. A ' £5A 300 0.7 1.8
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[ ti .
e ‘ . T 10 T

é v 1EFLON 0.7 148
Hy—n . o .8 ke
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] -?_ : ( Figure7,2-1. Atlas/Centaur '8 Host Shisid Conflguration
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' Quartz nitrile phenolic, which is derived from the silica aitrile phenolics

and quartz phenolic flight proven on the Sprint interceptor missile, has
been selected for the forebody of both the large and small probes, For
the afterbody regions of both probes, which are exposed to much lower
heating conditions than the forebody, an elastomeric silicone material,
ESA 3560, has been selected. This MMC proprietary material has been
flight preven on the Air Force PRIME and NASA/Ames PAET recntry
vehicles and will be flown on the Viking entry probe. Due to stringent
attenuation requirements, the preferred antenna radome ablator for the
small probe will be TFE Teflon, which has been flight proven on numerous
entry systems. ESA 3560 is used on the large probe radome since this
material is RF transparent prior to entry heating and the radome will be
removed before transmissicn of data begins after entry. This results ina
lower cost and lighter large probe radorne heat shield design than a material
such as TFE Teflon permits,

7. 2 2 egmrements

The heat shield subs1, stem for the entry probes is attaclwd to and sup-

~ ported by the aeroshell. It must provxde protection from the aerothermal

heating environment during entry. The heat shield must accommodate

penetrations s wch as science sensors, engineering measurements seneors,

_electrical and mechanical attachment penetrations, and covers.

The material selection and design thicknesses are derived from de-
tailed entry ablation analyses, based on the entry environment described in
Section 7. 1. The temperature limits of the ablator -structure interface
used in defining the heat shield thicknesses and weighte are summarized
in Table 7.2-1. The RF attenuation of the heat shield and supporting struc-
ture protecting the antenna should not exceed 0.2 dE. The ablation of the
heat shield material should provnde an even mass loss and surface erosion
so as not to cause slgnihcant perturbations in the aerodynamic character-

istics. Special consideration has to be given to the heat shield, as well
ag to thermal cont:ol and science sensor design, to control outgassing to
avoid contamination of the science sensors. In acldition, the selected heat
shield subsystem must have a storage life capability of 36 munths, must be
on-site fépéirablé. and use known, reliabie fabrication and bonding tech-
niques which can be tested by nondestructive techniques,
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Table 7.2-1. Heat Shield Design
Limit Temperatures
f q_“
ATLAS/CENTAUR | THOWDELTA
LimiY LiIMIT

SONDLINE Jonoun
o

LARGE PROSE
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%rac > nuo’u/n: @  w |m W
Piag <1 XWPN/mME [0 a3 | e
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AFTRIODY @ w | @
SMALL PROM ’
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rag < VX1 NMt [ w0 (2% w0

SMALL PROBE
AFTRRIODY MRIOR TO
INSTRUMENT DERLOV-
MENT

SELOOT armen

INSTRUMENT DERLOY-

MENT 75 900 % 0

Lt 00 am X

7.2.3 Trades

7.2.3.1 Analytical Evaluation of Heat Shield Materials

The Pioneer Venus heat shield materials were analyzed using T-CAF _
III, an explicit finite difference digital thermo -chemical ablation program. -
Reflecting ablative materials were analyzed with a modified ver sion of
T.CAP III, dubbed RADSCAT. In this program, Kubelka-Munk radiation
scattering theory is coupled with the basic ablator progra'm. The radiant
energr absorbed by each thermal element is combined with the enthalpy
transizions due to temperature changes, pyrolysis reactions, and transpir-
ing pyrolysis vapors to determine the heat shield thermal conduction and
internal temperature response. Transmission and reflection are included
as boundary' conditions on the outer surface of the ablator and at the ablator-
substructure interface. A detailed description of the RADSCAT version of
the T-CAP III is presented in Appendix 7.2A.

‘"he analytical models consisted of finite ablator slabs of varying
thicknvsses over the structural skin construction representative of several
locatiuns on the forebody and afterbody.
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A number of materials were considered for use on the forebody of the d

entry probes, the primary candidates being:

| Material De'risityiglkma) ' Construction
’ ESA 5500 M3 1.14 Carbon fiber reinforced

i silicone resin

) : Quartz Nitrile Phenolic 1.55 Astroquartz cloth rein-

R forced butadicne acrylo.-
nitrile modified phenyl
silane resin.

Carbon Phenolic 1. 46 - Carbon cloth remfcrced
phenolic resin, ‘

TFE Teflon 2,15 Unfilled polytetrafluoro-
ethylemreTesin:

The calculated unit weights of the candidate heat shield materials in

a typical large probe entry are shown in Figure 7.2-2. These unit weights

were computed for a point on the cone of the large probe at r/rb~ 0.7, for

the following entry conditions:

g ~- 40 deg

yg ~11.16 km/s

BAT8. 54 kg /m®
VThe umt we1ghts shown for carbon phenolic and Teflon were taken ffom
prehmmary data % Martin Marietta calculations confirm these data.
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. . Carbon phenolic is an inefficient ablator for Venus entry, due to its
high thermal conductivity. A high unit weight of Teflon is also required
! due to its low heat of sublimation and resultant high mass loss. The calcuala- .

tions of Peterson and Nicolet assumed total reflection of incident radiation
by Teflon, while the slightly higher unit weights which we have compﬁted
' ’ indicate the increase ir. weight required to accommodate the absorption of
the vacuum UV radiation by the Teflon. Additional analyses of the perfor-
mance of Teflon as a reflecting ablator are presented in Appendix 7.2A.

Quartz nitrile phenolic has good performance due to its low thermal
e S conductivity and high heat of sublimation; howevez, it is 20 to 35 percent
t :  heavier than ESA 5500 M3, ESA 5500 M3 performs well as a result of its
low conductivity, high surface temperature (high reradiation), and good

~convective blocking. - S o o T

" . For the small probe, the rclative heat shield unit weights are con-

sistent with large probe calculations, as shown in Figure 7.2-3. These
| = calculations were for a point on the cone at r/rb~ 0.7 for a shallow entry
] I t --at the following couditions:

Y5~ 25 deg
g ~11. 16 km/s
B~125. 7 kg/m®

REF? [}
2 T~ W=secm
4 e
- REF 1) D. L. PETEASON, W. E.
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A comparison is made in Figure 7,2-3 between a blunter, Apollo
shape entry vehicle and the baseline 45-degree small probe sphere-cone
configuration. For the blunter entry vehicle, the high conductivity of the
carbon phenolic again results in very high heat shield unit weight, Teflon's
performance, if a perfect reflector, is improved by the blunter Apocllo shape,
which reduces the convective input but significantly increases the radiation.
When absorption of the vacuum UV radiation is included, the efficiency of
Teflon is reduced by the blunter entry shape. Quartz nitrile phenolic and
ESA 5500 M3 are fairly insensitive to entry shape.

With respect to reflective ablators other than Teflon, attempts to date
to improve their reflectance have only been marginally successful. Analyses
and experiments indicate that a very high purity silica reflective ablator
will be the most efficient in high radiant heating. However, the analyses
also show that for Venus entry, the reflective silica hzat shield unit weights
are significantly greater than for ESA 5500 M3 or quartz nitrile phenolic.

A unit weight on the order of 2 g/cm2 is required, compared to'less than

1 g/c:m2 for quartz nitrile phenolic and ESA 5500 M3. The major problem
with reflective ablators in Venus entry is the high fraction of vacuum UV,
which is predicted to reach the ablator surface and be absorbed rather than

reflected.

7.2.3.2 Experimental Evaluation of Candidate Materials

A large number of tests were conducted on the candidate heat shield
matc *ials for Venus entry with major emphasis on the higher density char-
ring ablatives. All of these tests were designed to explore a particular
aspect of the entry enviscnmeni-incuf¥eéd on the entry probes, Table 7. 2.2
stmmarizes the plasma arc tests conducted over the past 18 months. The
tests in Ames Research Center's AEHS facility provide the best simulation
of combined radiation and convective heating in the stagnation region, while
the best simulation for cone regions is achieved in a shear-type test with
radiant heating added. Consequently a 5-MW constricted arc shear-radiation
facility, designed specifically for Venus entry simvlation, has recently been

activated at Martin Marietta and is being used to test the candidate materials.
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Test Summary of Heat Shield
Materials Screening

Table 7.2-2.

1
M
NUMBER ,
T B __OFf MODELS _ WHEN TESTED .
M3, CP, CNP, 9, OF,  MMC 20 KW m-mow%w " SEPT - OEC 1971
- QM M0, TFE RAD SOURCE 1 X 10% N/M? PRESSURE
M3, CP, CHip, GNP, MMC COMMNED 0 - 800 W/CMZ RAD 9 JUNE - AUG 1972
MI0, TFE, 10¢ SHEAR - RAD 1500 W/CaM? CONV o,
1.5 MW 2. 3%10° N/M2 mEsSARE ™~
2000 - 4000 N/MT SHEAR
4 -7 MI/KG ENTHALPY o
M3, CP, GNP, TFE, 104,  MMC COMMINED 0 - 1000 w/em? 24D 100 IN POGRESS p
LOGNP SHEAR - RAD 1000 - 4000 W/LM CONV -
s MW 1 - 6 X10° N/M2 RESSARE o
2400 - 6000 /M7 SEAR .
18 + 35 MI/KG ENTHALPY
M3, CP, GNP MMC HIGH 20 - 1761 W/CMZ CONV Py MARCH 1972 i
i PRESSURE 3-9 % 10° sym? mEsime , %
+ M3, Cr, ONS, TFE, SMES AEHS 0.- 2000 W/ CM2 RAD “ NOV - DEC 1972 ’
FILLED TFE, 104 1400 w/oM? CONV
1 %16° N/m? mEssuse
M3, CP, GNP, TFE, AMES HTT 3200 w/CM2 CONV 2 MARCH 1973
L0QN? 4% 10° N eaessume
MATERIALS G2DSSARY ;
"M3 - £SA 530 M3 QF - GUAKIZ PENOUIC IO - ESA 5500 M10 | "
CP - CARNON PHENOLIC LDGN® - LOW DENSITY QUARTZ E - TERON
CNP - CARBON NITRILE PHENOLIC NITRILE PHENOLIC 104 -0C9-104 5
$P - SILICA PHENOLIC QNP - QUARTZ MITRILE PHENOLIC FILED - TEFLON FHLED
5 WITH PIGMENTS
4

Figures 7.2-4 and 7.2-5 compare the results of tests in several test

bined with radiant, convective shear, and convective shear combined with
radiant. The data show similar relative backface temperature rise in all
modes of test, and confirm the results of the analyses.
of the predominantly visible and near UV radiant energy from the inart gas
radiant sources is reflected, but a significant fraction is still transmitted
to raise the backface temperature. The high conductivity carbon phenolic i
conducts a significant fraction of the heat into the substructure, raising the :
Both quartz nitrile phenolic and LSA 5500 M3 exhibit

The thermochemical surface recession of

configurations, including stagnation convective, stagnation convective com- i
X
*

For Teflon, most

backface temperature.

efficient thermal performance.
the charring ablators is a small {fraction of the thickness of the samples

‘ v (as is predicted for Venus entyy), and is not a primary consideration. On
the other hand, resistance tc high viscous shear and spallation is important

to maintain uniform and controlled surface erosion.
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Lo, maD PRESSURE ENTHALEY  SHEAR  TESTTIME  ARATOR WEIGHT
TEST FACILITY wcl  piemd) N MIKG)  (N'MY) (s) (G/CMf) SUBSTRUCTURE
{ JAMES AEHS, STAGNATION 1400 1150 'L 2.0 0 2.7 1,15 0.24 CM ALUMINUM
0 14MC 5 MW SHEAR 1600 0 1.6x10° 18,6 2700 3.0 0.86 5.1 CM ASBESTOS PHENOLIC
250 2.5L
200} 2.8

2
v
")
-

RECESSION MM)
(=]

g

8

BACKFACE TEMPERATURE RISE (°K)

il

TEFLON CARSON QUARTZ  ESA 5500 M3 [
TEFLON CARBON QUARTZ ESA 5500 M3
PHENOLIC MITRMLE PHENOLIC NITRILE

NOLIC

Figura 7,2-4, Heat Shield Material Tests, . ~1500 wicm

CONV. RAD ,  PRESSURE  ENTHALPY TEST TIME Aw\roa IGHT SUBSTRUCTURE
TEST FACILITY Gun ey Y ) SE!&’! o )
DAME HIT, STAGNATION 3200 0 4x1 19 2 | |5 0.14 CM STAINLESS STFRL
R :aC S AW SHEAR 3400 0 3x10° 9 «on 2 0.86 5.1 CM ASBESTOS PHENOLIC
Z2MMC 3 MW 3400 800 3x10° 19 4600 2 0.8 5.1 CM ASBESTOS PHENOLIC
SHEAR, RADIATION 10 10
6.9 7.0
3.6
OFF STALE
(>280°K) OFF SCALE 3.2
1 OFF SCALE ;
2% ! 2.3;»
£ 0 2.4¢
< ,
# 200 £ 200
= E 2.0
& |
2160 g 1.6
£ a
[y o N
_E,azot Y 1.2
- 1 s
- - 0
2 0 % os-
<
¢ 3
] b
ot ol
TEFLON CARION QUARTZ m TEFLON  CARION  QUARTZ €54 5500
HENOLIC  NIIRILE PHENOLIC  NITRLE )
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) 2
figure 7.2-5. Heat Shield Materiat Tests, ch-:aoo Wiem

The best of the materials in appearance after test was the quartz
nitrile phenolic, with a thin, uniforra char layer, and no evidence of crack-
ing or other thermal stress problems. ESA 5500 M3 and carbon phenolic
both developed relatively thick char zones. ESA 5500 M3 did not recede as
uniform'y as quarts nitrile phenolic, with some evidence of spallation or
shear erosion in some tests. Carbon phenolic receded uniformly, but ex-
hibited cracks and swelling in the char zone in some tests. Teflon receded

uniformly, but at a very high rate. -
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In summary, the tests to date show ESA 5500 M3 as the most efficient
of the conventional reradiative ablators, with quartz nitrile phenolic as a
close second. Froum test data and post-test appearance, quartz nitrile

phenolic is the most reliable and repeatable ablator.

7.2.3.3 Heat Shield Test Costs Versus Ablator System and Design Margins

With the greater weight capability of the Atlas/Centaur configuration,
cost savings relative to the Thor/Delta heat shield program can be achieved
by selecting ablative materials which, although not weight optimized, do
have high performance reliability and flight history. This not only allows
reducing the scope of tests in the design-development and qualification, but
permits specifving a single material of uniform thickness for the foirebody,
instead of tai'oring the material and thickness to the environment distribu-
tion. The direci heat shield test cost savings are shown by comparing the
preliminary test programs defined for the Atlas/Centaur and Thor/Delta

configurations, (see Sections 7.2.4. 5 and 7.2.5, respectively).

 QOver all, approximately 400 test samples are planned for the Atlas/
Centaur probe heat shield system, versus approximately 650 for the Thor/
Delta, a reduction of 40 percent in quantity of tests. Breakdown of tests
costs indicate that the 40 percent reduction in number of tests results in
approximately a 25 percent savings in test costs. These figures do not

include reductions in the testing to support the determination of the aero-

heating environment.

7.2.4 Preferred Heat Shield, Atlas /Centaur

The heat shield subsystem for both the large and small probes for the
Atlas/Centaur are similar in configuration. Figure 7.2-1 presented tne

general configuration, design thicknesses, and weights.

7.2.4.1 Material Selection

With the greater weight capability of the Atlas/Centaur launch vehicie,

"c'ost savings are achieved by selecting 2 single material with proven relia-
bility for the f .rebody. Use ofa single material reduces the scope of tests
required in the design-development, and qualification, at the expense of
increased nominal weight, Still further reductione in the test program be-
come possible due tothe increased design margins provided. This is valid

when the ablative material is well hehaved (no catastrophic "step functions"
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| occur in its performance) as is the case with the selected material, quartz x
nitrile phenolic. Carbon reinforced ablators, on the contrary, are suscep-

tible to mechanical erosion when certain limits (which are difficult to define

except through extensive testing) are exceeded. Based upon available test
data, the carbon-reinforced ESA 5500 M3 would accommodate the Pioneer
Venus entry environment, and afford minirnum weight design; however, an
ke extensive test program wo1ild be required to qualify it, particularly for the

more severe entry conditions and viscous shear of the 1978 mission,

In the tests discussed in Section 7.2.3, quartz nitrile phenolic has
been shown to recede by sublimation. The high mass injection rate re sults

4 in low net viscous shear at the wall, At the high heating of Venus entry,
| ='.§\ ( the melt layer is very thin, and when combined with the high viscosity of
éﬁ quartz and low net viscous shear at the wall, little or no melt flow occurs.

f: ; Based upon its reliability and repeatability in plasma -arc tests, and the

excellent performance of quartz phenolic and silica nitrile phenolics on

1;' the Sprint vehicle, quartz nitrile phenolic has beer chosen as the ablative
' 3 j material for the forebody of the Atlas/Centaur large and srnall probes. .
| I . . Tests can be reduced to a minimum with this material, while maintaining ' *‘5
g ‘ - a high confidence level in its performance.
sﬁ Af;z 7.2.4.2 Heat Shield Design_
'} Extensive analyses were conducted to determine the nominal ablator
: “f}’ thickness and the sensitivity of selected heat shield materials to structure
~ % - design temperature, and uncertainties in entry conditions and material
%{)“{ | performance.
: } ‘ ‘ For the large probe, the selection of an aluminum aeroshell as the
| . most cost effective and lightest structure for the forebody dictates that the
{ o ablator -aeroshell interface be maintained below 422°K during entry when
t | the stagnation pressure exceede 1 x 105 N/mz. Prior to aeroshell separa-
. tion, and after the stagnation pressure decreases below 1 x 105 N/mz. the
s forebody critical load is the thermal stress in the acroshell skin, and the

ablator -aeroshell interface must be maintained below 542°K to prevent
interframe buckling. On the large probe afterbody, the critical load/tem-

.
f
H

perature occurs near parachute deployment when the structure temperature I

is near maximum and the base pressure is rising exponentially with time.

m
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; % To prevent collapse of the base structure requires a limit temperature of
? o
- l 42274, p

The small probe ruaximum structural temperature is 478°K during

2

entry when the stagnation pressure exceeds 1 x 105 N/m®. Afier the stagna-

tion pressure decreases below 1 x 105 N/mz, the rnaxirium small probe

' o | structure temperature on the forebody must not exceed 756°K, to prevent
= buckling of the aeroshell skin. As on the large probe afterbody, the small

probe afterbody structure temperature rise due to entry heating must be

maintained below 422°K to prevent collapse by the rapidly increasing base
pressure, After instrument cover deployment vents the structure, however,

the afterbody structure may go to 756°K.

T e,

The results of the parametric studies conducted to determine ablator
thickness versus structure temperature limit for the Atlas/Centaur probes
are shown in Figures 7.2-6 and 7.2-7. Table 7.2.3 summarizes the nomi-
nal thicknesses for the large and small probes. For the reradiative mate-
rials analyzed here, the highest temperature limit designed the ablator
thickness on the forebody, due to the time lag between entry heating (and
high stagnation pressure) and structure temperature response. The small K

I S

o

probe afterbody heat shield, however, was designed by the 422°K limit due |
to the delay of instrument deployment until about 16 seconds after peak - : A

heating. Typical time varying structure temperature and surface reces-
sion response is shown in Figures 7.2-8 and 7.2-9,.
0 o 7= A, e 0.72KC/MY v, <1139 KM

ASLATOR SIUCIUtE (CM). LOCATION  RECESSIONICN)
OUARTZ NITRILE PHENOLIC 0,127 ALUMINUM STAG 0,16
CUARTZ NITRILE PHENOLIC 0, 0,18
QUARTZ NITRILE PMENOLIC 0.203 CONE 0.28
QUARTZ NITRILE PHENOLIC 0,305 ALUMINUM CONE EDGE 0.19
£SA 3360 0,0835 POLYIMIDE AFTERRODY

Obol.E

JETUISON AEROSHELL
AT 50,3

FRCM 250 <M ALTITUDE
0.7

0.6r
0.5

'} N
~—

0.2p \

0.1p

NOMINAL ABLATOR THICKNESS [CM)

A A

%0 «©0
MAXIMUPS BACKEACE STRUCTURAL TEMPERATUZE §1FORE SEPARATION (K)

figure 7.2-6, At1as/Centour 78 Large Probe Nominal
Thickness Versus Structure Temperalisie !
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0 48 7 st pe KG/?, v, = 11.23 KM/3

[ ] © QUARTZ NITRILE PHENOLIC  ,0308 TITANIUM STAG 0.9
a QUARTZ NITRILE PH*.OLIC 1524 TITANIUM STAG 0.29
[} QUARTZ NITRILE PHENOLIC 0508 TITANIUM £ 0.16
. A QUARTZ NITRILE PHENOLIC 1524 TITANIUM ONE €0GE 0,23
[o} ESA 3560 .0633 TITANIUM AFTERSODY 0,00
Q TEFLON .1016 POLYIMIDE RADOME 0.03
Z0.7
v]
. ?. > \\‘_
= 5 0.5t \
;L Zo.4
8
1 % 0.3F
5 | N
R z 0.ip \”.
N gl .
: w0 S0 600 70 80 900
i ' MAXIMUM BACKFACE STAUCTURAL TEMPERATURE {K)
, Figure 7,27, Atlas/Centaur '78 Small Probe Norminal Thickness
i o versus Structure Tenpersture
by 4.
?, Table 7.2-3. Ablator Thickness for Atlas/Centaur Large

and Small Probes

. LOCAMON  BACKFACE STRUCTURE (CM} | ABLATOR NOMINAL DFSIGN DESIGN
' THICKNESS (CM) MARGIN (CM) | THICKNESS (CM)
) LARGE PROBE, 7, 3%°
41 STAGNATION 0,178 ALUMINUM 0.445 QUARTZ NITRILE PAENOLIC 150 0.60
) CONE 0,203 ALUMINUM 0.445 QUARTZ NITRILE PHENOLIC 0.130 0.80
- o CONE €DGE 0305 ALUMINUM 0.325 QUARTZ NITRILE PHENOLIC 0.275 (0) .00
: AFTERSODY  ©.084 ALUMINUM 0.229 ESA 3560 .076 0.3t
Y RADOME 0.102_POLYIMIDE 0.229 (o) £5A 3560 :078 0.31
e ¢ SMALL PROBE, 7, - ~25°
[STAGINATION 0,127 TITANIUI T T A Al HENOLIC 0183 0.61
CONE 0.051 TITANIUM 0.445 QUARTZ NNRILE PHENOLIC 0.163 0.6)
CONE EDGE 0,152 TITANIUM 0.38 QUARTZ NITRILE PHENOLIC 0.242 (o) 0.41
AFTERBQDY 0,085 TITANIUM 0.292 ESA 3560 0.076 0.3
_ RADOME 0.102 TITANIUM 0.292 (o) TEFLON 0.076 0.3
- j ‘. (a) EXCESS MATERIAL ADDED 10 PRODUCE UNIFORM ASLATOR THICKNESS
LOCANON, /2, 0.7 v, 2°
0.44 CM QUARTZ NITRILE PHENOLIC OVER
0.20 CM ALUMINUM
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Penetrations in the heat shield require special considerations in their
design to maintain the integrity of the ablative heat shicld. On the Atlas/

' Centaur large probe, there are no penetrations in the forebody. Penetra-
tions do exist (access, electrical, etc) in the large probe afterbody, but are
not considered serious problems. Baseline designs for the penetrations
are shown in Section 7.3, On the small probe, however, there exists a
pressure probe and a temperature probe cover in the forebody, as well as
several penstrations in the afterbody. A graphite tube, backed up by
copper to sogk. up the conducted energy, has been selected for the pros-
sure probe, The temperaturve probe cover will be a plug of quartz nitrile
phenolic bonded to the deployable plunger. Details of the pressure probe
and temperature probe cover are presented in Figure 7.3-33. ‘’reliminary

tests (see Section 7.2.6) have shown that penetrations similar to the baseline/

pressure and temperature probe designs periorm suusfactorily with no ad-

verse effects in quartz nitrile phenolic. TFurther analyses and tests are re-

quired to refine and qualify the selected design concepts. As in the large

probe, penetrations in the small probe afterbody require special considera-

tion, but are &t considered to be any real problem since the base heating

environment is relatively mild. Baseline dcaigns for the amall probe after-
l body penetrations are shown in Section 7. 3.
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7.2.4.3 Design Margin a

In designing the heat shield subsystem, the uncertainties that exist in

entry conditions, meterial performance, and manufacturing tolerances are

accounted for by adding a design margin to the nominal thickness required to
f | rmaintain the structure below its design limit temperature. The design

f margin thickness is obtained by combining the individual increments in

heat shield thickness required to meet 3¢ dispersions in entry conditions, r
material performance, and manufacturing tolerancec. These increments, |
except the manufacturing tolerance, are root sum squared and added to

the manufacturing tolerance to yield the design margin thickness.

The results of sensitivity studies for quartz nitrile phenolic on the
cone (r /r ~0.7) of the Atlas/Centaur large probe are summarized in
Table 7. 2 4. This table exemplifies a typical design margin calculation,
and shows that the most significant uncertainties are in: (1) the temperature
prediction accuracy; (2) convective heating; and (3) radiant heating. In
addxtmn to these parametern, the vapor pressure is a gsignificant parameter
in the low entry angle small probe design margin. The quoted 3¢ deviations
in material performance are based upon preliminary data and estimates,
and will be refined using the test results to be obtained during the design

development.

Table 7.2-4. Typical Design Margin Calculation, Atlas/
Centaur Large Probe

UNCIRTAINTY PARAMITER 3 ¢ DEVATION
“ENTRY ENVRONMENT: )
INTRY ANGLE , 7g ».r
ENRY VILOCITY, Vv, N33 RM/S ¢ 0,004 0,000
ICALE MUIGHT, & C2KMe 0.3 0.000
MALLIBNC COLHHICNY, § %.72 KO/M% M .00
INITIAL ANGLE OF ATTACK , @ 0RAD ¢ 0.173 (X1 ]
COMPOSITION 7% - M CO, 0.000
AERNCSMELL SEPMRATION TG 2 073 0.0000
IHITIAL TEMPERATURE W n 00119
ENVIRONMENT PRIDICTION:
CONVECTIVE IRATING, 4 & ®% 0.0t
RADIANT MEATING, &y s o 0.002
MATERIAL *RFORMANUE:
FEAT OF JULIMATION s o 0.000
CONVICTIVE LOCIING VARIARE 0.0
VAPOR MESHAL VARIARLE 0.0910
TEMPIRATLAS RIDICTION
+ &% 9.0300
ADD T MANUFACTUNING TOLIRANCE 0.0
DINON WAROTN 6,10 M
i
= 7 2 3 - 1 4 !

- i
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The design margins computed for other locations on the Atlas/Centaur

- large probe and small probe are summarized in Table 7.2-3. To minimize

fabrication effort, the heat shield has been designed as a constant thickness
of quartz nitrile phenolic cver the forebody, and a constant thickness of
ESA 3560 and Teflon on the afterbody. To achieve this, excess aktlator will
be applied on certain areas (see Table 7.2-3), and the nose cap structure

skin thickness has been incrzased abave the design thickness (see Section

7.3.6.2).

7.2.4.4 Fabrication Techniques

To fabricate the forebody heat shield, the quartz nitrile phenolic will
be machined in annular rings from flat molded (3.4 MN/m pressure at
422°K) billets, ard the scgments simultaneously bonded with American
Cyanamid HT 424 to the forebody aeroshell under vacuum pressure and
422°k temperature (see Figure 7. 2-10). This process results in optimurn
orientation of the reinforcing quartz cloth and minimizes manufacturing
tolerances in the ablator. Two combined quartz nitrile phenolic heat shield
and substructure panels were fabricated by the above process and delivered

to NASA/Ames as part of this system design study.

€3A 2360 HF
HONEYCOMD REINFORCED,

'\K'NDGD T0 MASE COVIR

\ S

Q\%A'Jl

NITAILE PHENDLIC
MACHINED R'NGS
& NOSE_(.A? BONDED
TO AEROSW#!LL

SEGMINT, MECHANICAL
ATIACHMENT AMALL PROSE
oMY

J X

Figurs 7.2-10. Setected Heat Shisid Materiels & Fabrication
Processes (Atias/Contaur)

\'MCN\ NED SPHERICAL
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Two methods of fabricating the aeroshell cone edye were considered. -r
One method considered was to tape wrap the quartz nitrile phenolic around
a mandrel, maintaininy the quartz cloth at a specific angle to the outer sur-
face, and machining the outside surface to the required contour (see Figure
7.2-11). This wonld result in optimura orientation of the quartz cloth, A
less expensive method of fabricaticn was selected, however. The aeroshell
cone edge will be machined {rora the same flat billet as the rings for the
conical area (see Figure 7.2-11). This will reduce tooling costs substan-
tially. In bonding the quartz nitrile phenolic to the aeroshell, the thin
sections and low elastic modulus will permit the ablator to follow the aero-
shell contour. Therefore, to achieve a concentric and smooth aerodynamic

external surface, the heat shield surface will be machined after assembly.

) FLAT LAMINATE (PREFERRED CONFIGURATION)

figure 7.2-11, Aeroshal! Cone Edge Abistor Cloth Layup

The ESA 3560 selected for the afterbody of the entry probes will be

fabricated by a process developed for the Viking entry vehicle, which per-

“mits fabirication on complicated shapes witr no new tooling required.

Reinforcing honeycornb core, which is flexible, is cut to the design thick-
ness from flat billets and bonred to the base covaer structure, The ablative
filler is troweled into the honeycornb core, and cured under vacuum pres-
sure and 422°K temperature. The curced overfill is sanded down to the
core level for final eizing., The ESA 3560 matcrial can also be used in the ‘
raderne area of the iarge probe, s.ice it is RF transparent prior to entry

heating, and during the period from the start of entry heating to parachute

7@ z-‘l.‘




deployment, no transinission is planned, The antenna radome is removed
during parachute deployment, allowing reestablishment of the RF link, On
the small probe the radome remains through descent to the surface,
thercfore its heat shield must be constructed of a material that remains
RF transpa rent after ehtry heating. Teflon has been selected based upon
iy its excellent RF characteristics and vast flight history as an antenna ra-
dome ablative material. The Teflon radome will be a machined unit and

mechanically attached to the base cover structure.

Relative to field repair, the quartz nitrile phenolic is so tough as to
be practically inde structable. In the unlikely event of damage greater than

!
| b
{ : superficial .cuts and scrapes, field repair can be accomplished by routing
T

# out the damaged area and bonding in a precured plug. The quartz nitrile
}f ' phenolic ablators on each of the heat shield panels fabricated and delivered

to NASA/Ames were field repaired by this process. ESA 3560 is less
rugged, but is also easily repaired, The material in the damaged area is
cut out down to the structure and a room temperature curing version of the
same material is troweled in. On the small probe, the Teflon antenna ra-
dome will be replaced as a unit in the event of damage.

7.2.4.5 Preliminary Test Requirements

During the hardware phase of the Pioneer Venus Project, tests of
the heut shield materials and components will be required to verify the per-

formance of the selected materials; determine design properties and sensi-
tivitw}‘to uncertainties; verify and qualify details of the design, including
functional performance of the penetrations in the heat shield; and verify that
the manufacturing process yields a product equivalent to that produced in

the laboratory for development tests. The tests planned to meet the require-

ments of the Atlas/Centaur entry probe heat shields are shown in Table
7.2-5, IVery e‘arlly in the program a number of tests are fequirzd to sub-
stantiate th. design properties and design margins of the ablative materials.
This requires plasma arc tests (Test Set I, Table 7.2-%) and a number of

thermophysical property tests (Test Set II).
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Table 7.2-5. Heat Shield Design Development and Qualification
Tests, Atlas/Centaur Entry Probes

R -
NO. OF
TISY TInE SAMPLES TEST DESCRIPTIOM
ARATION PERFORMANGE AND HEAT TEST SE1 0
TRANSFER MODEL DEVELOPMENT: PLASMA ARC TE! T WITH COMBINED RADIANT
. THERMOMECHANICAL SURFACE EROSION 2% - CONVECHVE HIATING, AND SHEAL; USING £0,
- THERMOCHEMICAL SURFACE EROSION 10 AND AW TEST MEDIA,
* INTERNAL PYROLY$IS AND DEGRADATION 2 ,
- JOINTS, GAPS AND INTERFACES »
SUBTOTAL .
THERMOPHYSICAL POPERTIES TS SN
- THERMAL CONDUCTIVITY o LABORATORY TLSIS OF MATERAL courons.o n
- PRGRADATION KIRETICS s NGE OF TDAPERATURE FROM 172 10 751°K,
2 SMECHI 6 nom VIGIN ASLATORS AND CHAR SAMPLES Wit
A 3 TESTED.
- SURFACE muctmct AND EMITTANCE 3
» QUIGASSING 40
L OO TENINE b THEAR STRENGTH ©
= AMATOR TENSHE & G APRESSVE STRESS- o
SUBTOTAL Y
FABAICATION AND GC PROCESS OEVELOPMENT I Tesrseim
THERMOSTRUCTURAL COMPATIBILITY 3 &u”mr;ar: AND GUALITY €O CONMOL ExpERENTS
PROCESS VARIARLES SENSITIVITY o PLASMA ARC TESTS WITH COMBINED RADIANT AND
SUNTOTAL 3 CONVECTIVE SHEAR IN CO,.
—WSRtV
- PLASMA AXC TESTS 12 TESTS FN COMBNED RADIANT & CONVECTIVE
- MECHANICAL PROPERTY TESTS 2 SHEAL, AMATIVE TENSKE STRESS.STRAIN,
T GEL s ERHICATION 3 SOND TENSKE STRENGTH, PLASMA ARC TESTS
- OUIGASSING VERIICATION * o COMINED RADIANT AND SHEAR; LASORATORY
SUSTOTAL pr TEST OF OUTGASSING CHARACTERISTICS.
PREENTRY EFFECTS VERICATION o TSIV
PLASMA ARC TESTS AFTER CRUISE ENVIRONMENT
EXPOSURE.
PENETRATIONS AND INTERFACE QUALIFICATION TESTSET VI ) s
- LARGE PROBE VENT ) PLASMA ARC TESTS AT GUALIFICATION LEVEL L
- SMALL PROBE TEMPERATURE PROME 3 ENTRY ENVIRONMENT SWALATION -
- SMALL PROBE nmm MO 3 R
2 SMALL PROSE VE a
SUSTOTAL |
COMPATRILITY VERIFICATION ~THSLELVI)
- VENUS DESCENY . SIMULATLD DESCENT INTO VENUS ATMOSPHERE,
2 THERMOSTRUCTURAL COMPATIBILITY 4 CRUISE ENVIRONMENT EXPOSURE FOLLOWED Y
- FLASMA ARC TEST.
SUSTOTAL s
i # )

In parallel with these design development tests, experiments will be
conducted {Test Set III) to determine the most cost-effective and reliable
techniques for heat shield fabrication and quality control, During the hard-
ware fabrication cycle, additional tests will be conducted to verify and
qualify the heat shield component functional performance and adequacy of
the fabricated hardware. Test Sets IV and V will use pieces and parts
built in parailel with the hardware fabrication, to ve rify that full-scale
fabrication produces a product equivalent to laboratory products. The com-
ponent functional performance will be qualified through Test Sets Viand V.
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7.2.5 Preferred Heat Shield, Thor/Dplta

The Thor/Delta heat shield subsystemn for hoth the large and small
probes are similar in configuration, Figure 7,2-12 shows the general

canfiguration, thicknesses, and weights.

Since the Thor/Delta system is very weight.sensitive, the most effi-
cient ablatorss have becn chosen for the forebody heat shield, and arc toi-
lored to the local environment, ESA 5500 M3 is machined in annular ring
scgments from molded (0,67 MN /m2 at 422°K) billets and the rings simul-
tancously bonded with 11T -424 to the [orebody acroshell under vacuum
pressure and 422°K temperature {see Figure 7.2-13), This process results
in optimum oricntation of the reinforcing carbon fibers and minimized
manufacturing tolerances in ablator thickness. The quartz nitrile phenolic
aeroshell cone edge ring is machined from a billet, This results in small
manufacturing tolerances in the ablator thickness. The cone edge ring is
also bonded to the aeroshell under vacuum pressure and 442°K temperature.

' The ESA 3560 selected for the afterbody régions will be fabricated ~
by the process developed for the Viking entty vchicle, as described in
Section 7.2.4. The Teflon antenna radome (on Loth the small and la'rgev o
probes) is a machined unit, mechanically attached to the base cover struc-

turé. A 174 scale mockup of the large probe (Thor/Dclta) heat shield has

.. - been fabricated recently by the processes summarized above, and is shown

in Figure 7.2-14.

EX LARGE PROBE
o

0 LOCATION  MATERIAL  THICKNESS  _ MASS®

A A £5A 5500 M3 0.3 CM 0.6 KG

c& NC ) ESA 5500 M3 0.46 CM 8.5 KG
C GUARTZ NITRILE

PHENOLIC 0.43CM A9NG

5 0 €54 3560 0.18CM 2.9 KG

€ TEFLON 0.19 CM 1.0 KG

fOtAL 14.9 kG

SMALL PROBE

=

j(\, LOCATION MATERIAL THICKNESS _ MASS:
é‘*
()

A

A £5A 3500 M 0.69 LM 0.3 kG

8 ESA 3500 M3 0,61 (W 1.28 kG
C QUARTZ NITRILE

PHENOLIC 0.5 Cm 0,54 KG

o E3A 3%0 0.27 CM 0.4 KG

£ TEFLON 0,22 ¢m 0.1 kG

101AL 1.00 kG

* INCLUDING SOND AND EDGE MEMBERS
Figure 7.2-12, Thor/Oeta *77 Hest Shield Configuration
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ST - E5A 3560 HF
. HOMEYCOMB REINFORCED,

\BONDeD 1O BASE COVER

ESA 5500 M3
AT HINED RINGS
& NOLF CAP BONDED
1O AERCSHELL

=

QUARTZ NAIRILE PHENOLIC
MACHINED RING, BONDED
TO AEROSHELL EDGE

J TEFLON
MACHINED SPHERICAL

SEGMENT, MECHANICAL
ATTACHMENT

Figure 7.2-13. Selected Heat Shield Materials & Fabrication Processes {ThorlDeita)

. o faleon
figure 7.2-14. Thor/Deita Large Probe 1/4 Scale Heat Shield Nockup

Damage to the ESA 5500 M3 is not likely due to its toughness; how-
cver, should damage occur, it is easily repaired. The damaged area is
removed down to the substructure, and a cured ESA 5500 M3 insert is
bonded in place. The quartz nitrile phenolic and ESA 3560 would be re-
paired as described in Section 7.2.4. The Teflon antenna window would

be replaced as a unit in event of damage.

The results of parametric studies conducted to determine ablator
thickness versus structure tempcerature limit for the Thor/Delta mission

are shown in Figurcs 7.2-15, 7.2-16, and 7.2-17.
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0 <60, ¥ =P, B= 7854 KG/M? v, = 11,16 KW

[ X3 J 1 J

ANATOR SRUCTURE (CM)  LOCATION RECESSION (CM)
ESA 5300 M3 0.102ALUMINUM  STAG 0.0
£54 5500 M3 0,152 ALUMINUM  COME, 1/, ~0.7 0.04
GUARTZ NITRILE PHENOLIC  0.177 ALUMINUM ~ CONEEOGE .13
£5A 3560 0,006 ALUMINU  AFTERBODY 0.00
TEFLON 0.064 POLYIMIDE  RADOME 0.01
THOR DELTA LARGE PROBE ~_ |
MAKIMM ALLOWARLE N
0.7}  STRUCTURE TEMPERATURE I
|
7 0.6} ‘
()
3 o.sf |
4
g 1
g o4t
? 0.3} i
3 |
<92} |
o}
o_ol A i i " i H

i

0 100 20 300 400 500 &0 700 800
MEKIMUM BACKFACE STRUCTURAL TEMPERATURE BEFORE SEPARATION K}

Figure 7.2-15, Thor/Dcita Large Probe Ablator Thicknesses Versus

Structure Temperature

00, e, 8= 125.7KGME, ¥, = 1,16 KM/S

ARATOR STAVCTURE M) LOCATION RECESSION (M)
@ ESA 3300 M3 0.068 THANIUM  STAG o.n
v ESA 5300 M3 0.081 TNANIUM  STAG 0.1
@ ESA 3300 43 0.066 TITANIUM  CONE, 1/ ~0.7 0.08
v ESA 3500 M3 0.08) TIANIUM  CONE, %:o.r 0.08
4 GUARTZ NITRILEPHENOLIC 0,144 TITANIUM  CONEE 0.12
© QUARTZ NITRILE PHENOLIC  0.051 TTANIUM  CONE EOGE 0.12
O ESA 3560 0.072 TITANIUM  AFTERBODY 0.00
© ESA 3560 0.051 TITANIUM  AFTERIODY 0.00
® TEAON 0.063 POLYIMIDE  RADOME 0.
© TELON 0.05) POLYIMIDE  RADOME 0.0
0.7
THOR DELTA SMALL nouN'
MAXIMUM ALLOWARLE
C.6F  STRUCTURE TEMPERATURE :
-
3 os |
2 |
£ o}
]
203
-2 i
] i
0.2}
< t
0.
i
O.L - i 14 .
0 ) ) 0 1000 1200

MAXIMUM SACKPACE STAUCTURAL TEMPERATURE €n

Figure 1.2-16. Thor/Deita Smell Probe Abistor Thicknesses Veisus
Structure Temperature (. - 400
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o-4> ¥ -2 B-125.7kG/M? v, = 11,16 KMW/S

ABLATOR STRUCTURE (CM) LOCATION RECESSION (CM)
066 TITANIUM STAG 0.
Q51 FITANIUM STAG Q.
® £5A M3 081 FITANIUM CONE, 1/2, ~0.7 0,08
A QUARTZ NITRILE PHENOLIC CONE EDGE

0.
0.
0.
0,144 TITANIUM 0.5
O QUARTZ NITRILE PHENOLIC 0.051 TITANIUM  CONE EDGE 0.15 ‘
N 0,072 TITANIUM  AFTERBODY 0.0) -
EoA 1560 0.05) TITANIUM  AFi1280DY 0.0l ;‘c}
o TEFLON 0.063 POLYIMIDE  RAUGME 0.04
® TEFLON 0.051 POLYIMIDE  RADOME 0.04
OtB
{/- THOR DELTA SMALL PROBE
0.7 MAXIMUM ALLOWASLE

STRUCTURE TEMPERATURE

o
o
& ——

ABLATOR THICKNESS (CM)
[
ry

N "
200 400 500 800 1000 1200
MAXIMUM BACKEACE STRUCTURAL TEMPERATURE €x

Figure 7.2-17. Thor/Delta Smail Probe Nominal Ablator Thicknesses )
versus Structure Temperature { y, * -409) T

For the large probe, the use of an aluminum aeroshell structure on
the £orebody dictates that the ablator -aeroshell interface be mamtamed
below 422°K during entry when the stagnation pressure exceeds 1=x 10 x ‘

>4

N/mz. Prior to aeroshell separatwn, and after the stagnation pressure
decreases below 1 x 105 N/m , the forebody critical load is the thermal
stress in the aeroshell st n, and it was assumed the ablator-aeroshell
interface must be maintained below 589°K to prevent interframe buckling.
On the large probe afterbody, the critical load /temperature occurs near
parachute deployment when the structure temperature is near maximum
and the base pressure is rising exponenua.lly with time. The vent would
allow the structure temperature to go to 589 °k prior to separation. The
small probe maximum structural temperature is 478°K during entry when

5 2

the stagnation pressure exeeeds 1 x 10° N/m”. After the stagnation pres-

2

sure decreases below 1 x 10 N/m“, the maximum small probe structure

temperature on the forebody must not exceed 756°K, to preveni buckling of
the aeroshell skin. Venting the small probe aeroshell allows the small

probe afterbody and radome to reach a maximum of 756°K.
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Table 7.2-6 summarizes the nominal design thicknesses derived from
Figures 7.2-15 through 7.2-17, based upon the temperature criteria de-
fined above. Typical time varying surface temperature, structure tempera-
ture, and surface recession for nominal ablator thicknesses and nominal
heating are presented in Figures 7.2-18 and 7.2-19.

Table 7.2-6. Ablator Thicknesses for Thor/Delia Large and
Small Probes

LOCATION  SACKFACE STRUCTURE (CM) umoa NOMINAL UESIGN DESIGN
HICK NESS (CM) MAKGIN (CM)  THICKNESS (CM)
LARGE PROBE, ¥, - ~40°
STAGNATION 01016 ALUMINUM wnmom/o AS? 0.077 0.5
CONE 0.1524 ALUMINUM A 3500 M3/0.381 0.072 0.44
CONEEDGE  0.177 ALUMINUM oumz NITRILE m:uom:/o 240 0.000 0.43
AFTERBODY  0.0435 ALUMINUM SA 3580/0. 102 0.07 0.18
RADOME 0.0635_POLYIMIOE nn.owo 11?7 0.07¢ 0.19
sMALL PROBE, ¥, = -X°
STAGNATION  0.0508 TITANIUM £SA 5500 M3/0.610 8.07 0.69
CONE 0.0308 TITANIUM E5A 5500 M3/0.533 0.078 0. 41
CONE 60GE  0.0508 TITANIUM GUARTZ NITRILE PHENOLIC/0,485 0.090 0.58
AFTERBODY  0.0508 TITANIUM ESA 3560/0.189 0.076 0.7
RADOME 0.0508 POLYIMIDE TEFLON/O. 188 0.076 0.27
SMALL FROBE, 7, = 400
STAGNATION  0.0508 TITANIUM £5A ssoom/o “ 0.075 0.49
CONE 0.0508 TITANIUM M%O 0.073 0.42
CONEEDGE  0.0508 TITANIUM oumz NITRILE PHENOLIC/0. 322 0.090 0.41
AFTERBOOY  0.0508 TITANIUM £5A 0.076 20
RADOME 0.0%08 POLYIMIDE TEFLON/O. m 0.07% 0.19
LOCATION, WA, ~ 0.7  7,= ~40°
0.38 CM £5A 5500 M3
OVER .18 CM
ALUMINUM
iy ”
18 43
17 14
. - SURFACE TEMPERATURE 11
18 1%
" 1=
13 1%
- E ]
£ 1 4 5
) <
= n 2 ¢
. g
i 10 20
-s— i AEROSHELL JETHSON |
-
gy o oy
¥gs , sackrace Temeoarure iy 8
¥
s 12
. 10
18 L]
’ ¢
2F 4
\ ol SURFACE RECESSION N
o 0

S N -
6 5 10 15 20 23 0 2% & & o 85 &
TIME FROM 250 KM (S)

Figurs 7,2-18, Thermai Response of ThoriDetta ' 77 Large
Probe Hest Shisld
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LOCATION, R/Ibn- 07
0,53 CM ESA 5500 M3

Ovek 0 05 cM !HANWM

RECESSION (MM)
BACKFACE TEMPERATURE 10°K)

14
.

-20

L[ '

-]

D P S 1 U WSS TENUHY S |
0 10 . 20 40 % 60 7 % 9 100 10 T

- - )
{38
43¢
{2

SURFACE TEMPERATURE 130
4.
J26

2

42

{20

Jie

BACKFACE TEMPERATURE |
14

"

10

8

s

4

- SURFACE RECESSION 2
0

20

TIME FROM 230 KM (5)

Figure 7.2-19, Thermal Response of Thor/Detta '77 Small
Probe Heat Shieid, Shallow Entry
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113 2
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" 6 . “

v°':020304‘0;06‘07‘00‘09‘0|?nl‘l0|20
TIME FROM 290 KM (S)
Figure 7.2-19b. Thermal Respanse of Thor/Deita '77 Smali
Prabe Heat Shield, Medium Entry

In both the Thor /Delta and Atlas/Centaur, heat shield design uncer-

tainties exist in the entry conditions, material performance, and manufactur-

ing tolerances, and must be accounted for in determining the design thickness.

The resu.ts of sensitivity studies for ESA 5500 M3 on the cone
(r/r ~0.7) of the Thor/Delta large probe are summarized in Table 7.2-7,

an example of the design margin calculations conducted on the Thor /Delta

heat shields. The quoted 3¢ dispersions in material performance are

based upon preliminary data and estimates. The design margins computed

for other locations on the Thor/Delta large probe and small probe are

summarized in Table 7.2-6, along with the total design thicknesses and

weights.
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Table 7.2-7. Typical Design Margin Calculation, Thor/
Delta Large Probe

R,

UNCERTAINTY PARAMETER 3 0 DEVIATION 4 THICKNESS (CM)
ENTRY ENVIRONMENT:

ENTRY ANGLE, P, «w.?r 0.00279

ENT VELOCHTY, V, N.IZ3KM/S ¢+ 0.004 0.00102

SCAE HEIGHT, & 4.25KM 20,9 0.003%0

SALLISTIC COEFFICIENT, 8 7.54 KG/MT + M 0.00147

ANGLE OF ATTACK, & o°+0.156° 0.00043

COMPOSITION 7% - 9% CO, 000138

AROSHL, SPERATION TIME 44,5+ 0.7 0.00008
ENVIRONY". ™) réDICTION:

CONVECTIVE HEATING , o¢ L 2% 0.01110

RADIANT HEATING, & L% 0.00813
MATERIAL PERFORMANCE:

MLOCKING FACTOR VARIABLE 0.00762

HEAT OF SUBLIMATION 120% 0.00076

VAPOR PRESSURE VARIABLE 0.00051

SURFACE COMUSTION 1% 0.027%4

TEMPERATURE PREDICTION

ACCURACY + % 0.039%7
00T SUM SQUARE XL
ADD THE MANUFACTURING TOLERANCE 0.0254
DESIGN MARGIN 0077 CM

The penetrations in the Thor /Delta heat shield are similar to the
penetrations in the Atlas/Centaur (see Section 7.3 for designs). The only -
significant penetrations are in the small probe, a graphite pressure probe
and a temperature probe cover. Both of these penetrations would be sur-
rounded with quarti nitrile phenolic (see Figure 3.80). ‘ With this type
design, the optimum orientation of the carbon fiber reinforced ESA 5500
M3 can be maintained for maximum viscous shear resistance, while
the more dense and less sensitive quartz nitrile phenolic is used as a

transition section.

Tests of the heat shield materials and components will be required to
verify the performance of the selected materials, determine design proper-
ties and sensitivity to uncertainties; verify and qualify details of the design,
including functional performance of the penetrations in the heat shield; and
to verify that the manufacturing process yields a product equivalent to the
materialz produced in the laboratory. The material selected for the fore-
body of the weight sensitive Thor /Delta probes is the lower densgity carbon
reinforced ESA 5500 M3, and is inherently more susceptible to mechanical
erosion than more dense quartz reinforced ablators. Therefore, more
tests will be required to devélop the design and to qualify this system than
the Atlas/Centaur quartz nitrile phenolic forebody. The scope of the tests
planned to meet the design requirements of the Thor /Delta probes is pre-

sented in Table 7.2-8, Almost all increases in numbers of tests above




Table 7.2-8. Heat Shield Design Development and Qualification

Tests, Thor/Delta Entry Probes

THERMOPHYSICAL PROPERTIES

TESTSET I

PLASMA ARC TESTS AFTER CRUISE ENVIRONMENT
EXPOSURE.

PENETRATIONS AND INTERFACE QUALIFICATION TEST SET VI
- LARGE PROBE SHOCKLAYER RADIOMETER 3 PLASMA ARC TESTS AT QUALIFICATION LEVEL
- LARGE PROBE PARACHUTE LINE COVER 3 ENTRY ENVIRONMENT SIMULATION.
> LARGE MROBE VENT 1
- SMALL PROBE TEMPERATURE PROSBE 2
- SMALL PROBE PRESSURE PROSE 3
- SMALL MOBE VENT a
SUBTOTAL 1
COMPATIILITY VERIFICATION ST STl
- VENUS DESCENT 4 SIMULATED DESCENT INTO VENUS ATMOSPHERE,
- THERMOSTRUCTURAL COMPATIBILITY 4 CRUISE ENVIRORMENT EXPOSURE FOLLOWED Y
SUSTOTAL T MASMAARCTESTS.

Cat

NO. OF
TEST TITLE SAMMES TEST DESCRIPTIOM
ASLATION PERFORMANCE AND HEAT TEST SET
o DR SO T !
- THERMOMECHANICAL SURFACE EROSION 0 g 2
 IMERMOCNEMICAL SURFACE EROSION @ AND AIR TEST MEDIA.
- INTERNAL PYRCLYSIS AND DEGRADATION P
= JOINTS, GAPS AND INTERFACES » 1
SUBTOTAL 70 ‘

- THERMAL CONDUCTIVITY " LASORATORY TESTS OF MATERIAL COUPONS, OVER )
- DEGRADATION KINETICS e A RANGE OF TEMPERATURE FROM 172 TO 759K,
- SPECIFIC HEAT 1] BOTH VIRGIN ABLATORS AND CHAR SAMPLES WiLL o
- THERMAL EXPANSION 6 8€ TESTED. 4
- SURFACE AFFLECTANCE AND EMITTANCE 6 3
- OUTGASSING STUDIES 2
Z BOND TENSILE AND SHEAR STRENGTH ®
- ABLATOR TENSILE AND COMMESSIVE
STRESS-STRAIN o
SUBTOTAL 26 .
FABRICATION AND GC PROCESS DEVELOPMENT D TEST SE1 1 : "
THERMOSTRUCTURAL COMPATIBILITY s FARICATION AND GUALITY CONTROL EXPERIMENTS ;
PROCESS VARIABLES SENSITIVITY % FLASMA ARC TETS WITH COMBINED RADIATION
SUBTOTAL © AND CONVECTIVE HEATING, IN €O,
FABRICATION AND GC PROCESS VERIFICATION TESTSET IV
- PLASMA ARC TESTS 24 TESTS IN COMBINED RADIANT AND CONVECTIVE SHEAY;
- MECHANICAL PROPERTY TESTS @ ASLATOR TENSILE STRESS-STRAIN; BOND TENSILE
= REPAIR PROCESS VERIFICATION 15 STRENGTH; PLASMA ARC TESTS IN COMBINED RADIANT
- OUTGASSING VERIFICATION 2 AND SHEAR; LABORATORY TESTS OF OUTGASSING
SUBTOTAL . CHARACTERISTICS.
PREENTRY EFFECTS VERIFICATION © TESTSETY &

NSNS ¢

Atlas /Centaur occur in Test Sets I through III. These tests are increased
in number through increase in the scope of the tests required to develop
design data and design margins for ESA 5500 M3, as well as inclusion of
‘tests to develop design data and margins for quartz nitrile phenolic. In
the verificatibn and qﬁélification tests, Test Sets V through VII, essentially

the same tests are required for Thor/Delia and Atlas/Centaur, since these

tests are primarily component functional tests, which are independent of

the ablative materials.
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7.2.6 Supporting Analyses and Tests

During u1 e system design study, a thermal protection system for a
shock laycer radiometer was ovaluated, The shock layer radiometer was
to be located at the stagnation point of the large probe, and required a
velean' heat shield surrounding it to prevent contamination of the houndary
laycer. Since the radiometer looks through a quartz window, which would
ablate during entry, a clean heat shicld can be obtained by using a high
purity quartz around the radiometer window, backed up by a beryllium heat
sink to accommodate the extra heat load due to transmitted and conducted
eneryy at the backface. Details of the design arc shown in Figure 3-78.

If a quartz reflecting heat shield is developed, the shock layer radiometer
heat shield could be used as a flight test to verify its performance. Addi-
tional tests and analyses beyond that described in Sections 7.2.4 and 7.2.5

would be required to develop and qualify a shock layer radiometer thermal

protection system.

During the plasma arc tests in the Ames HTT, several models were
tested with dummy pressure tap inserts of ATJ graphite at the model center-
linec. These duinmy pressure taps were fabricated in two models each of
quartz nitrile phenolic and ESA 5500 M3, to simulate the small probe stagna-
tion point pressure sensor installation. The objective was to sce if an insert
would degrade the local ablator performance either through conduction of
heat into the ablator or by protuberance heating. The appearance of the
models after test is shown in Figure 7.2-20. As can be seen, quartz nitrile
phenolic performed very well, with little in-depth charring. The ESA 5500
M3 did not perform quite as well, with some nonuniform recession around

th. graphite inscrt in the test of sample M3-6.

| In addition to the tests of conventional medmm to high-density ablators,
a low-density quartz nitrile phenolic (P~ 0. 96 g,(cm ) was developed and tested,
and does show prom1se of being more efficient than either ESA 5500 M3
(p~ 1,12 !,/cm ) or quartz nitrile phenolic (# ~ 1.55 -v/crn ). A comparison
of its performance with ESA 5500 M3 and rcegular quartz nitrile phenolic is
presented in Figure 7,2-21. Developnient cost considerations, however,

precludes its usce on the Picneer Venus,




I

- 2 | ER ‘l ky
[ Lt eyt

anm-3
T me 2.2 TeSt CONDITL TEST TIME 2.1°8
ag ~ 320 w/eM?
P, ~4x 105 /M
2

WMl e

M3-$
TEST TIME 2.4 S

Mlé
1651 TIME 1.9 S

Figure 7.2-20, Performance of Ablators with Dummy Pressure Probes
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Figure 7.2-21. Comparisan of Low Density Quartz Nitrile Phenolic with
Quartz Nitrile Phenolic and ESA 5500 Mz

In addition to the plasma arc tests, thermal and mechanical property

and vacuum outgassing tests have been conducted on the more promising

ablative materials, to derive preiiminary design data. Table 7.2-9 presents
the physical properties of quartz nitrile phenolic.

The properties of ESA 3560 are contained in MCR-70-170%. Since the

ablator must be bonded to the aeroshell and remain attached at temperatures

up to 756°K, preliminary constant temperature tests were conducted to
determine the integrity of various ablative bonds at temperatures up to
756°K. The tests indicate that the HT -424 retains good adhesion between
quartz nitrile phenolic or ESA 5500 M3 and a metal substrate at 756°K.

In addition to tests on the ablative materials that are candidates for

the Pioneer Venus forebody, tests were conducted on several afterbody
materials to confirm the selection of ESA 3560. The results of the tests
are summarized in Table 7.2-10 and confirm that ESA 3560 performs well
in Venus entry base heating environment, and remains bonded tc the metal
substructure at temperatures in excess of 756°K.,

"D. L. Carlson, "Heat Shields for Planetary Atmospheric Experiments
Test," Final Report, MCR.70-170, Vol. 1 (NAS 2-5538), Martin Marietta
Corporation, Denver, Colorado (May 1970).
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7.3 STRUCTURES /.ND MECHANISMS

7.3.1 Introduction and Summary

The large and small probes are desigred for their particular misrion
profiles and are distinctly different mechanical systems, Their external
configurations are established largely on the basis of aerodynamic require-

ments, but in some cases structural design and mechanical integration

factors also have had a major influence, For example, the benefits in cost,

weight, and simplification of probe staging influenced the selection of the
relatively small compact afterbody of the preferred large probe configura-
tion; Structural efficiency had much to do with the decision to use sphericzal

pressure vessels for the instrument containers.

Some features of the preferred structural/mechaunical design that in
particular enhance the low-cost, reliability, and flexibility ~» J¢ A of the

program are:
- Incorpnratior of all science sensors and electrical penetrations in
a separate riny or segment of the large probe pressure shell to
facilitate disassembly and accessibility of science and electronics
system equipment;

- Avoidance, by virtue of the above feature, of any blind electrical
connectors or use of service loops (high g problem areas);

- Sufficiently large internal volume to permit instrument design
changes and use of common engineering electronics components
in the large and small probes;

- Structural safety factors high enough,~l. 6, to permit qualification
testing on flight units (deletion of structural test unit);

- Aeroshell construction patterned after existing Viking design;
- Use of Viking components in separation devices;

7.3.1.1 Large Probe Description

The large probe consists of two basic structural features, the aero-

ghell and the descent capsule, and mechanical devices associated with

separation of the aeroshe!l from the descent capsule. (See Figure 7.3-1)

The aeroshell is the outer housing of the probe during cruise and during

7.3-1

”
*
X




&ry into the Venus atmosphere. It carries heat shielding to provide pro-
—tion from entry heating, and its size and shape provide proper drag for
= required entry trajectory. The forward shell of the forebody is very
—nilar to Viking aeroshell construction and takes advantage of that experi-
ce. The aeroshell afterbody is compact to minimize weight and to inter-
2ce with the bus load cylinder most efficiently, The base of this structure
+ to the antenna ground plane is aluminum alloy, but zft of that plane all
ructure is nonmetal to provide RF transparancy for efficient antenna
-nctioning. In the separation sequence, this base cap or radome is re-
ased and finally, after completion of the parachute descent phase, the

=mainder of the aftertody is released with the main parachute.

The mechanical devices associated with separation are shown in
Sgure 7.3-2. Most of these are standard commercial it ms or applications
= commonly used concepts. The separation nuts are the same as those

=ed on the Viking program with minor adaptation for this program; Viking

aitiators are also used.

. The descent capsule is a generally spherical body with an aerodynamic
~tabilizing ring at its equator and with radar and communication antennas
't iis fore and aft poles. The descent capsule, which provides mounting
nd environmental protection for science and electronic equipment through-
ut the mission, is particularly designed for flexibility in mounting science
quipment and for ease of access to it. Figure 7.3-3 shows the main fea-
-ures of the capsule, and Figure 7.3-4 shows an equipment arrangement
ithin it. Some of the significant features of the capsule are:

- Multiple, independent insulation/cover assemblies for easy dis-
assembly with minimum disturbance of equipment installations;

- Three-segment pressure shell for easy access to equipment with
least impact to probe and equipment assemblies;

- Heavy pressure shell mid-section for greatest flexibility in ac-
commodating changes in science location;

- Dedicated science region to provide greatest freedom in inte-
grating science equipment,

-
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7.3.1.2 Small Probe Description

The small prohe pressurce vessel and aeroshell comprise an integral

descent capsule ag shown in Figure 7. 3-5. The distinctive structural fea-

ture of the emall probd is that the main load path for support of the pressure ’
shell in the acroshell is through the thermal insulation. This distributes \
load and minimizes akin thickness and also reduces insulation fabrication i
and installation costs due to the elimination of frames. Ease of access “
to science and electronic equipment is a primary consideration and the P \
location of joints and penetrations is established with particular regard to ‘
that requirement. ;
Science sensors are exposed or deployed by ejecting cover segments "
in the aeroshell with simple adaptations of standard commercial release
devices, as shown in Figure 7.3-5. i ﬁ
7.3.1.3 Arrangement of Structures and Mechanisms 1
2 4
Further information relative to study results of structure and mech- i
anism design follows in the order given: - o
A !
1) Requirements - a listing of requirements particularly pertinent i u

to this section.

2) Tradeoffs - a description of alternatives considered and rationale
for selection of preferred configurations, including tradeoffs
directly related to the selecied configuration, and related to
earlier configurations.

3) Preferred Subsystem, Atlas/Centaur - a detailed description of
structural and mechanical features of the preferred Atlas/Centaur
large and small probe features.

4) Preferred Subsystem, Thor/Delta - a description similar to 3)
for Thor/Delta.

5) Supporting Analyses and Tests - a report on the structural analyses
and tests performed,

7.3.2 Requirements

The basic general requirements are to mount all science and elec-
tronics equipment and to provide environmental protection to assure func-
tioning of all required systems until impact on the surface of the planet,
Another basic requirement is to provide maximum ease of access for ser-

vicing or replacement of equipment and to assure successiul operation.

70 397




—ne of the most significant requirements is to withstand the high entry de-
—=leration. The implications of this requirement extend not only to sizing
=yucture for high loads but to supporting wire bundles so connectors will
=t disconnect or coax cable so it will not kink. Some significant specific

méquirements are presented in Table 7. 3-1,

- 3.3 Tradeoffs

In arriving at the preferred configuration, many alternative choices
rose. In many of these cases the decision on selected configuration was
uite clear and no real tradeoff was required, but in other cases the choice

sas not immediately cbvious and systematic evaluation (tradeoff) was re~
_uired. Cost, performzace, and we1ght were the bases for evaluation of

_lternatives with weight a much more sxgmhcant consideration on Thor/

Selta than on Atlas/Centaur. The major tradeoff considerations for items

~here the choice is not obvious are p:esente.d_her.&.;.«__.___“__M__n_

=~.3,3,1 Parachute and Antenna Location

Selection of the configuration that best satisfied the demands of para-
—hute deployment, RF transmission, aerodynamics, mass properties, and
reliable staging of aeroshell, required the most extensive evaluation of
alternatives in structures and mechanisms. It is not possible to adopt the
—bvious, first choice arrangements for each of thzse items because they
onflicted. The principal configurations considered and their advantages

= nd disadvantages are presented in Table 7. 3-2.

~7.3.3,2 Selection of Large Probe Aeroshell Skin Design

Aluminum and titanium material in honeycomb sandwich and in frame
stabilized monocoque form were considered. A parametric weight study
-prepared by Martin Marietta for a broad range of planetary entries (Contract
JPL 953311, "Outer Planet Entry Probe System Study, Aeroshell Parametric
Weight Study") was used as 1 basis for evaluating these alternatxves. The
range of aeroshell pressures was between 34.47 and 413, 68 N/cm (50 and

600 psi) and the base diameters ranged from 0.762 to 1.219 m (2.5 to
4, 0 ft).

For the lower range of pressures considered, the aluminum frame
stabilized skin construction produces the lightest weight aeroshell. The

titanium frame stabilized skin construction is relatively inefficient at
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A amle— L

Table 7.3-1. Significant Specific Design Requiremcats
IEM LARGE PROBE SMALL PRODE
1/D PRESSURE VESSEL ULTIMATE COLLAPSE PRESSURE 93 ATMOSPHERES 93 ATMOSPHERES
T/0 PRESSURE VESSEL ULTIMATE SURST PRESSURE & ATMOSPHERES T 6 ATMOSPHERES
A/C PRESSURE VESSEL ULTIMATE COLLAPSE PRESSURE 116 ATMOSPHERES 116 ATMOSIHERES
A/C PRESSURE VESSEL ULTIMATE BURST PRESSURE 6 ATMOSPHERES 6 ATMOSPHERES
AEROSHELLAP (LIMIT) 0,689 N/CME (1.0 PSH 0,689 N/CM? (1.0 #51)0)
PARACHUTE RELEASE ALTITUDE 42.9 KM (140 748 FT, N/A
PRESSURE VESSEL LEAKAGE RATE 0.005 CC/SEC 0.003 CC/38C
SCIENCE SHELF FLATNESS 1.27 MM (0.005 IN.) 1,27 MM (0.008 IN, )
SCIENCE SHELF ANGULAR TOLERANCE 0,0007 RAD 0.5°) 0.0087 RAD (0.5°)
MAXIMUM INDIVIDUAL SCIENCE WEIGHT 12,2KG (26 D) 0.64KG (1.418)
MAXIMUM TOTAL A.8KC (R21) 345k6 (26w
€G ACTUAL LCCATION LIMIT 3% OF MAJOR DIAMETER 2.5% OF MAJOR DIAMETER
FOR'/ARD OF MAJOR DIAMETER | FORWARD OF MAJOR DIAMETER
RADIAL CG LOCATION TOLERANCE 2.5 MM (0,1 1N} +2.54 MM 0.1 IN,)
1/D ENTRY DECELERATION 3368 293 G'S Bile)
A/C ENTRY DECELERATION 88 G'S 488 G'S (o)
AFTERBODY #F ATTENUATION (MAX) 0.1 09 0.108
ENTRY ACOUSTICS A/C 141 08 149 08 (4)
ENTRY ACOUSTICS 1/0 14008 147 DA (4)
LAUNCH ACOUSTICS A/C 14203 142 08 (d)
LAUNCH ACOUSTICS T/D 14000 140 08 (9)
LAUNCH SUSTAINED ACCELERATION (A7C AND 7/D) LONGITUDINAL + 20G'S LONGITUDINAL ¢+ 206'5
LATERAL +126*S LATERAL + 10 G* ${e)

e —————

s -+t e e —————
NOTES: (o) ASCENT AND OESCENT PRESSUREAON AEROSHELL . FOREBODY IS DESIGINED FOR ENTRY PRESSURE

®) 3-SIGMA ENTRY TRAJECTORY FOR '77 MISSION
() 3-3iGMA ENTRY TRAJECTORY ’ '

() ADD 4 DB TO GET TEST VALLES

(o) LIMIT VALUES

LARGE PROBE DESIGN QUALIFICATION RANDOM VIBRATION (THOR/DELTA}

=

uz cimz NoIt
23-300 +3 DI/OCTAVE #3D LEVELS ARE 2.73 x
200-2000 0.045 OCLC TED 251GMA
OVERALL SR 1.2 608 LT LEVELS. 3
DURANION 2 MINJAXIS (3 MUTUALLY PERPENDICULAR AXES) p
LARGE FROBE GUALIFICATION RANDOM VIIRANG~' (ATLAY/CENTAUR}
— 20130 0.00081 1o 0.045 AT 4D8/0CTAVE
150-2000 . 0.043
OVvERALL SR 9.3 Gams
OURATION, & MIN/AXIS (MUTUALLY PERPENDICULAR)
Wﬂm SINUSOIDAL VISRATION A ENTAUR
AXiS nz LEveL SWEEP RATE
» S 1 e 0t0mmaKk) 1. (OCTAVES/MID)
AXIAL ERNEN B 345 1.2IN, DA 2.0
o 83200 4486 2.0
LATERAL [N ] 0.90 1N, 0A 2.0
. +3.00 2.0
SMALL 107 - OEHGN GUALIFICATION RANDOM VIRATION = ATLAS/CENTAUR AND THOA/DELTA
20-80 0.05
$0-3% +3D/OCTAVE
200-1200 o1
1200-2000 «4D)/OCTAVE
OVERALL 19.6 ORws
OURATION 1 MIN/AXIS (3 MUTUALLY PERPENDICULAR)
SALL PROME DESION QUALIFICATION SINUSOIDAL VIBRATION « ATLAS/CENTAUR AND THOR/DELTA
DHECHON H2 35, GI0FU
AXIAL A 3% DOUSLE AMPLITUDE DISPLACEMENT (D.A.)
152 )
138 2.3
ELS 3.0
50-100 X ]
LATERAL 5.2 S 0.A.
20-100 1.0

71 3.10
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. OESCRIPHION EVALUATION OF EFFECT ON INDIVIDUAL CONSIDERA
PAL PRINCIPAL _'1'
PICTORIAL NARRATIVE 16‘92‘6&05 DISADVANTAGE PARACHUTE RF TRANSMISSION AERODYNAMICS MASS,
!
< ANTENNA UNDER REASONABLE SATIS= | RF TRANSMISSION NEARLY CONVENTION- | TRANSMISSIOM THROUGH | CLEAN, SYMMETRICAL | NEARLY
PARACHUTE PACKAGE, FACTION OF ALL | THROUGH PARACHUTE | AL PACK, PARACHUTE PACK DURING | SHAPE.
MORTARED PILOT CHUTE, REQUIREMENTS, PACK, CRUISE/ENTRY, CLEAR
. . FIELD AFTER STAGING. {
3
PARACHUTE AROUND GOOD ANTENNA | UNKNOWN PARACHUTE} DEPLOYMENT FROM GOOD CLEAN AND SYMMET= de
ANTENNA, MORTARED VIEW AT ALL TIMES, | DEVELOPMENT, TORROIDAL TROUGH RICAL. MORE ANTEN
PILOT CHUTE, PROTRUSION THAN |s
DESIREABLE.
JORTARED MAIN PARACHUTE| MOST SIMPLE AND | LARGE AXIAL EXTEN- | SIMPLEST AND MOSY UNDESIREABLE, UNSYMMET- unmnamu VERY  [UNDES
oN na 'OF AFTERBODY, | KELIASLE PARACHUTE | SION OF AFTERSODY. RELIADLE DEPLOYMENT, [ RICAL, DEEP CAVITY BEHIND | LARGE AFTEMODY, WAV T
DEPLOYMENT, POOR ANTENNA BUT REQUIRES DEVELOP- | GROUND PLANE. LARGE UNSYMMETRIC _ [BALAN
) GROUND PLANE, MENT OF LARGE MORTAR, ennum ON DESCENT | ppase
APSULE,
4
EOREBODY MAIN PARACHUTE| SMALL CLEAN AERO-| UNBALANCE - BALLAST smm om.om:N'r BUT | EXCELLENT THROUGHOUT, | CLEAN AND svmr. HIGHL]
MOUNT. MORTARED MAIN | SHELL AFTERBODY. | REQUIRED, AMPLITUDE oku- RCAL. MORTAR .
PARACHUTE. RELATIVELY SIMPLE no . PROBLEM 1MPULSE TILTS CAPSULE | SALAN
PARACHUTE DEPLOY- PACKAGING AND smr- MORE THAN iS DESIRE- | REQU!
MENT, ING LINES AC . NO #y
N‘I/'t!SNAND AROUND
%hnoov.‘ )
FOREAODY MAIN PARACHUTE [SMALL, CLEAN AEKO- UNBALANCE. BALLAST | NO OSCILLATION PROD- | EXCELLENT THROUGHOUT, | CLEAN AND SYMMET- | SAME
MOUNT. MORTARED Pi: 0T (SHELL AFTEABODY REQUIRED. LEM BUT OTHERWISE SAME NCAL.
CHUTE ADJACENT TO MAIN | RELATIVELY SIMPLE AS 4A.
PARACHUTE PACK, PARACHUTE DEPLOY-
wsm.
LOWER AFTERBODY MAIN  [MORTA® 1mpuLSE UNBALANCE. BALLAST |SIMPLE DEPLOYMENT BUT | EXCELLENT ThHR: Te vm1
PARACHUTE MOUNT. THROUGH CG, SHORT| REQUIRED, TIME TO  |LARGEST PROSE OSCILLA- OuGHouT. “‘c'ﬁ" J?‘:‘i g:;«‘é‘liNG AME
MORTAR DEPLOYED. AFTERBOCY, SIMPLE | DAMP OUT CHUTE TIONS OF METHODS EVAL- SOME UNBALANCE OF NON
s, ~A!MCN’U1E 'DEPLOY- | DEPLOVMENT OSCIL-  |UATED. INTRY CONFIGURA- | AL
NT. LATIONS [§ INCREASED, 1ON. MAS!
{SEF SECTION 7.5} !
q
PILOT CHUTE 600D | 01‘
MAIN CHUTE IN TORROIDAL | GOOD WEIGHT COST AND UNCERT. | NEW PACKAGING CON- | EXCELLENT TH ARENTRY | G
+ CONTAINER {N THE FORE- | DISTRIBUTION AINTIES OF PARACHUTE | CCPT, NEW DEPLOYMENT rouGHouT. mp";':gxl'u n{s AL
' |oov SILOT CHUTE IN GOOD ANTENNA | DEVELOPMENT, PILOT | CONCEPY. COST HARD ATLATIVELY POOR LOW
. : TERBODY . VIEW AT ALL TIMES. | DEPLOYMENT INDUCES | TO PREDICT SUT EXPECTED SPEED STANLITY CHAR-
: - 0 LATERAL LOADS ON | 10 € HIGH, mlsvlcs. CHUTE
MAIN CHUTE DURING ¥, HOWEVER,
EXTRACTION. COULD g ADM!::' ;O .
AN CHTE ABTTER AERO § .
" p—r.
=DOUT FRAME |
LD

e N i o i i p e




PRINCIPAL

Table 7.

3 .2.

Parachute/Antenna

Location Tradeoff

€VALUAYION OF EFFE"Y ON INDIVIDUAL CONSIDERATIONS

PRINCIPAL REASON
,af)'ﬂ":ﬁ',?ég DISADVANTAGE PARACHUTE RF TRANSMISSION AERODYNAMICS MASS PROPERTIES STAGING FOR SELECTION OR REJECTION ||
.~ ONABLE SATIS. RF TRANSMISSION NEARLY CONVENTION- | TRANSMISSION THROUGH | CLEAN, SYMMETRICAL |NEARLY BALANCED. |AFT AEROSHELL | SATISFIES ALL CONSIDER-
~2TON OF ALL | THROUGH PARACHUTE | AL PACK, PARACHUTE PACK DURING | SHAPE. CAP RELEASE ATIONS WITHOUT SERIOUS
—JIREMENTS, PACK ., CRUISE/ENTRY. CLEAR MECHANISM SHORTCOMINGS, RESULTS
FIELD AFTER STAGING. REQUIRED, NO | N LOWEST COST,
SEPARATION
CLEARANCE
PROBLEMS,
. ODANTENNA | UNKNOWN PARACHUTE| DEPLOYMENT FROM GOOD CLEAN AND SYMMET. | NEARLY BALANCED, SIMILAR TO SLIGHTLY uss STAND-
"W AT ALL TIMES, | DEVELOPMENT. TORROIDAL TROUGH RICAL. MORE ANTENNA! , BUT SMAILER | ARD PARACHUTE DEVELOP-
PROTRUSION THAN .S CAP FORPILOT | MENT, N.YEINA‘I’IVE 1
DESIREAME. TO REMOVE. USED PROVEN CONCEPTS.
ST SIMPLE AND | LARGE AXIAL EXTEN- | SIMPLEST AND MOST UNDESIREABLE, UNSYMMER- | UNDESIREAILE, VERY unntsmmm NO | SEPARATION UNDESIREABLE FOR ALL
— ALLE PARACHUTE | SION OF AFTERBODY. | RELIABLE DEPLOYMENT, | RICAL, DEEP CAVITY BEHIND | LARGE AFTERIODY,  |WAY TO HAVE CLEARANCE constomnous EXCE'T
TPLOYMENT POOR ANTENNA BUT REQUIRES DEVELOP- | GROUND PLANE, LARGE UNSYMMETRIC _leALanCe IN ALL PROMLEM PARACHUTE ma&u‘ .
GROUND PLANE, MENT OF LARGE MORTAR. ANTENNA ON DESCENT | paStS OF STAGING.| SETWEEN cmn §:2€ C| S WILL
CAS MORTAR AND | REQUIRE REVIEW OF MORTAR
’ TENNA, DEVELOPMENT PROGRAM,
PRODAILY NEED
GUIDE,
IAALL CLEAN AERO-] UNBALANCE - BALLAST |SIMPLE DEPLOYMENT, BUT | EXCELLENT THRGUGHOUT, MMET- WLY UNDESIRE- | CLEAN EXCEPT | UNACCEPTAILY LARGE
Ll AFTERBODY, | REQUIRED. LARGE AVPLITUDE oﬁc'nf. OUGHOUT. | CLEAN AORTAR Ao, LARGE FORPROMEMS | AMOUNT OF SALLAST.
SLATIVELY SIMPLE | — LATIONS. PROBLEM IMPULSE m.rsc £ | SALANCING MASSES | OF STUPPING
- =RACHUTE DEPLOY- PACKAGING AND STIIP- MORE THAN 15 pgsm REQUIRED THAT HAVE PARACHUTE
EENT, NG ) NES ACROSS JOINT . NO FUNCTION. RISERS OUT OF
BETWEEN AEROSHELL HEAT SHIELD,
MALVES AND AROUND
AFTEASODY,
_ALL, CLEAN AERO-] UNBALANCE. BALLAST { NO OSCILLATION PROB= | EXCELLENT THROUGHOUY. N AND SYMMET- | SAME AS 4A, SAME AT4A, | SAMEAS A,
“ELL AFTERBODY. | REQUIRED. LEM BUT OTHERWISE SAME g"cu .
e ATIVELY SIMPLE AS 4A,
“'EATCHUYE DEr: QY-
IDRTAR IMPULSE UNBALANCE, BALLAST [SIMPLE DEPLOYMENT BUT | EXCELLENT THR MMETo vttv UNDESIRE- CLEAN AND UNACCLTABLY LARGE
T ROUGH CG, SHORT| REQUIRED, TIME TO  LARGEST PROSE OSCILLA- ' ouGHouT. E.‘éz“.‘}%‘.% ?f’AGING LARGE, SIMPLE. mmg&%“}oﬁﬁ"‘?
TERBODY, SIMPLE | DAMP OUT CHUTE TIONS OF METHODS EVAL- SOME ME UNSALANCE OF NONFUNC"ON- TIONS IN PROSE
. RACHUTE DEPLOY- | DEPLOYMENT OSCiL-  [UATED. TRY CONFIGUM- | AL BALANCING .
=z, LATIONS IS INCREASED HoN AuSSEs reGUiRtD.
{SEF SECTION 2,8 .
_ . AND
= O0D WEIGHT COST AND UNCERT- | NEW PACKAGING CON- | EXCELLENT TH niy | coop, neamy  JeioT CHuTE PARACHUTE COSY
STRIBUTION, AINTIES OF PARACHUTE | CEPT. NEW DEPLOYMENT fouaraut. '?,"'.!‘é»‘i‘n“.‘.is SALANCED. MQUIRED 10 UNCERTAINTY.
300D ANTENNA | DEVELOPMENT, PILOT | CONCEPT, COST HARD MLATIVELY POOR LOW KEMOVE LARG!
F1EW AT ALL TIMES. | DEPLOYMENT INDUCES | TO nemcv 8UT EXPECTED SHEED smnutv CHAR- AFTERIODY.
LATERAL LOADS ON | TO 8 HIGH., ACTERISTICS. C OTHERWISE OK.
MAIN CHUTE DURING CONCEPT, HO!
EXTRACTION, COULD 8F ADAPTED 1o
A BETTER AERO SHAPE.
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lower pressures but hecomes more efficient at higher pressures. The
aluminum structure reaches a working stress equal to its compressive

yield strength at much lower pressures than do the titanium structures,

thus aluminum is the more efficient material for either type of construction
at the lower pressure range. As the pressure increases and the titanium
reaches a working stress equal to its éompressive yield strength then
titanium becomes the more efficient of the two materials for both types of
construction, The pressures at which aluminum and titanium curves cross
each other are dependent on the base diameter of the aeroshell. This cross-
over point occurs at lower pressures for the larger diameter aeroshell
since the larger diameter shells are more efficient, i.e., for a given design
pressure, a larger percentage of the shell structure material is working to

its compressive yield strength.

In general, the weight of sandwich constructiém was found not to be
very competitive with frame-stabilized skin construction at higher design
pressures. When design stresses of the frame/skin construction are equal
to sandwich face skin stresses, sandwich construction carries a weight
penalty because of additional components which are not really necessary to
carry membrane loads. i.e., adhesive, core, and edge members. At
lower design pressures, when frame/skin elements are in the instability
range, sandwich face sheets are capable of working to the compressive yield
gtrength of the material and, consequently, sandwich construction weight
becomes much more competitive with that of the frame-stabilized skm
construction. At very low design pressures [below the 34.47 N/cm (50
psi) considered in this study], sandwich construction would prove to be

the lighter weight method of construction.

Since the data from the JPL-sponsored study did not cover the 1. 85 .-
- (69 in. ) diameter of the Atlas/Centaur large probe, additional data points
were computed for aluminum ring- stiffened monocoque and aluminum
honeycomb to identify the trend for larger diameters. The results showed
the ring stiffened monocoque to be more efficient at this size, Since the
honeycomb congtruction is more costly because of tooling and heavier,

the choice of ring stiffened monocoque was clear.
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7.3.3.3 Design of Aerodynamic Stabilizing Ring Structure for the
Descent Capsule Sphere

The requirements of light weight, ability to function at 755°K (900°F)
temperature, maintenance of tight tolerances, and cost weighed in the
choice between alternatives considered for fabrication of 11e stabilizing ring.
Table 7. 3-3 summarizes the facts considered in choosing the preferred

machined titanium configuration.

7.3.3.4 Staging Separation System

The large probe requires three stages of separation to fulfill its
mission,. namely:

1) Separation of probe from bus,
2) Separation of aeroshell forebody,
3) Separation of aeroshell afterbody.

The first event, a bus function, not discussed here. “Three arrange-
ments were considered for accomplishing the second and third events for
the preferred probe configuration; the evaluation of these alternatives is
presented on Table 7.3-4.

7.3.3.5 Science Instrument Staging Clearance Cover Location

The protruding sensor of the cloud particle analyzer requires a cutout
in the back face of the aeroshell forebod); to provide clearance during forebody
staging, (see Figure 7.3-1). This cutout must be covered during entry to
keep hot gases away from structure. If the cover is in the aeroshell fore-
body it must be actuated open to allow staging clearance. This would leave a
clean descent capsule, but a door opening failure could cause a separation
failure or misalignment of the sensor. If the cover is mounted on the
aeroshell afterbody, it would have to be actuated open to assure free flow
of air through the cloud particle analyzer, but an actuation failure would
not otherwise degrade the mission. In this mode the cover would remain
on the afterbody as a folded up protrusion during parachute descent. The
configuration of the door on the afterbody was selected because it was judged
more desirable to have a fail-safe configuration than to optimize capsule
aerodynamic shape during the flight regime when the parachute is providing

a strong stabilizing influence.
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7.3.3.6 Aeroshell Afterbody Configuration

Consideration was given to using a full afterbody design [Figure 7.3-6
(2)] on the large probe to achieve aerodynamic commonality with the small
probe and to take advantage of the considerable amount of aero data that exists
for these afterbody shapes. From the structural/mechanical standpoint,
the tailored afterbody design (Figure 7.3-6b) offers advantages of lighter
weight, greater staging clearances, and a compact spacecraft interface
that allows greater bus/orbiter similarity. Decreased weight results from
a reduced aeroshell afterbody surface area and from a smaller, shorter
load structure between the spacecraft and the descent capsule load ring.
Staging clearance with the full afterbody is critical between the science sen-
sors and the afterbody rim and separation guide rails might well be required
to assure staging success. The greater weight and the cost and uncertainties
of ensuring separation with the full afterbody led to the choice of the tailored

afterbody configuration from the structural/mechanical standpoint.

Figure 7,3-6. Qptional Large Probe Shapes

7.3.3.7 Cost Consideration Relative to Pressure Shell Materials

Selection of pressure shell material involved consideration of the
cost associated with the science/thermal interface, the total thermal struc-
tural mass, and the relative costs of fabricated pressure shells of different

materials. A plot of the trend of estimated cost associated with
science/thermal interface versus maximum shell temperature shows that,

at temperatures much above the maximum equipment operating tempera-
tures, costs start rising rapidly (Figure 7.3-7).

Taking 380°K (225°F) as cost effective temperature limit and im-
posing this as a limit on the plots of thermal/structural mass versus in-
sulation thickness shows weights to be approximately equal for the three
materials considered (see Figure 7,3-8).
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Table 7.3"'35 ﬁ
k

DESCRIFTION - EVALUATION OF EFFECT ON INDIVIDUAL CONSIDERATIONS

PICTORIAL NARRATIVE R\&ILE?(T‘:XTE THERMAL TOLERANCES FASRICATION
MACHINED FROM TITANIUM 9.07KG EXCELLENT THERMAL CARE MEEDED TO ESTABLISH | MODERATE COST RELATIVE - 1
FORGING WITH T4 SLEEVES (20 L8) CHARACTERISTICS REQUIRED TOLERANCES BUT | TO OTHER CONFIGURATIONS A
AND OUTER CLOSURE BAND, THEN WILL BE STABLE | 0,007
RAD (1/2°) HOLE ANGLE 1S
CRITICAL)
ANGLE RING MACHINED FROM 9.07KG EXCELLENT THERMAL EASY TO ESTABLISH AND RELATIVELY EASY FORFACILITY | R
TI FORGING, FILLER BLOCK OF {20 LB) CHARACTERISTICS MAINTAIN TOLERANCES, EQUIPPED TO HANDLE BERYLLIUM.
BERYLLIUM, HIGH MATERIAL COST.
SAME AS 2, EXCEPT FILLER BLOCK 8.616 KG | MARGINAL, VERY SAME AS 2, EASY FOR FACILITY WITH PERMIT
SAME AS 2 | OF MAGNESIUM-THORIUM. 535 18) LITTLE STRENGTH IN MG~ MACHINE MG-TH. HIGH B
TH AT (755°K) MATERIAL COST.
4 SAME-AS-2, EXCEPT.EILLER BLOCK 10.88 KG MARGINAL, VERY umsg SAME AS 2. EASY BUT EXTRA WORK OVER
SAME AS 2 | OF ALUMINUM, (24 18) STRENGTH IN AL AT {755°K) 2 AND 3 TO MACHINE LIGHTEN-
. ING POCKETS.
5 FILLER BLOCK OF GLASS BEAD FILLED 7.71 KG FOOR. POLYIMIDE CHAR | TOLERANCE EASY TO EST- | EASY TO MACHINE, COSILY 'f
SAME A5 2 | GLASS POLYIMIDE (17 18) MAY CREATE UNACCEPT- | ABLISH BUT MAY BE LOST PROCESS DEVELOPMENT FOR 1
ABLE AERODYNAMIC DUE TO CHAR, POLYIMIDE
SURFACE ]
é ANGLE RING MACHINED FROM Ti 6.35KG EXCELLENT THERMAL MOST DIFFICULT TO EST- VERY COSTLY MULTIPIECE A
FORGING. REMAINDER BUILT (14 18) CHARACTERISTICS ABLISH BUT THEN WILL BE ASSEMBLY .
UP FROM T! SHEEY AND TUBES. - STAME.
Table 7.
{
DESCRIPTION ADVANTAGES DISADVANTAGES

PICTORIAL NARRATIVE

PYRO ACTUATED SEPARATION  |a. AERODYNAMICALLY CLEAN | ORDNANCE FIRING CIRCU
NUTS MOUNTED ON AEROSHELL] ~ FINAL DESCENT CAPSULE CON- | WIRES REQUIRE SEPAW'OJ

AFTERSODY. BOLT EXTRACTION|  FIGUMATION. AFTER FIRING .
L
TOINT, b. HIGILY RELIABLE SEPARATION

s%

PYRO ACTUATED SEPARATION  Ja. ORDNANCE FIRING CIRCUIT SEPARATION NUT HOUSIN

NUTS MOUNTED ON AERO- " WIRES DO NOT NEED TG 8¢ CUT.| REMAIN ON DESCENT CAP|
DYNAMIC STABILITY FENCE. MAY PERTURB AERODYNAN
BOLT EXTRACTION FEATURE. |+ SIGHLY RELIABLE SEPARATION | pgaF ORMANCE. |

PULLS BOLT OUT OF JOINT.

q

VRO ACTUATED PIN PULLERS | SIMPLE RING STRUCTURE, o. SIGNIFICANT LOAD #
R ONIE 0N AFRODYNAMIC 3¢ CARRIED BY PIN PUI
STABILITY FENCE, JOINING UNUSUAL APPLICATIO
PIN PASSES THROUGH AERO- b, LESS LIKELIHOOD OF
DYNAMIC HOLE. OBTAINING LOW SHC

PYRO ACTUATED DEVI
v

-3UT FRAMY | o
8 | | | FoLDOTT -

O DD P NS NS L




Table 7.3-3, Dynamic Stabilizing Ring

Structure Tradeoff

EVALUATION OF EFFECT ON INDIVIDUAL CONSIDERATIONS '
| RELATIVE RATIONAL FOR SELECTION
NEIGHT THERMAL TOLERANCES FABRICATION OR REJECTION
k
9.07KG | EXCELLENT THERMAL CARE NEEDED TO ESTABLISH | MODERATE COST RELATIVE | SELECTED BECAUSE OF MODERATE COST
20L8) CHARA CTERISTICS REQUIRED TOLERANCES BUT | 7O OTHER CONFIGURATIONS | AND CERTAINTY OF PERFORMANCE
THEN WILL BE STABLE | 0.0087
RAD (1/2%) HOLE ANGLE IS
CRITICALI
=
9.07KG | EXCELLENT THERMAL EASY TO ESTABLISH AND | RELATIVELY EASY FOR FACILITY | REJECTED FOR COST REASONS
20LB) CHARACTERISTICS MAINTAIN TOLERANCES, | EQUIPPED TO HANDLE SBERYLLIUM.
HIGH MATEMAL COST.
K 8.616KG | MARGINAL. VERY SAME AS 2. EASY FOR FACILITY WITH PERMIT [REJECTED FOR COST, MATERIAL AVAILA-
: (1918) LITTLE STRENGTH IN MG- TO MACHINE MG-TH, HIGH BILITY AND MARGINAL PERFORMANCE
[ TH AT (7557K) MATERIAL COST. REASONS.
2K 10.83KG | MARGINAL, VERY LITTLE | SAME AS 2, EASY BUT EXTRA WORK OVER REJECTED BECAUSE OF MARGINAL
24 18) STRENGTH IN AL AT (755°K) 2 AND 3 TO MACHINE LIGHTEN- | PERFORMANCE AND DIFFERENTIAL
— ING POCKETS. EXPANSION PROBLEM.
LLED 777G TPOOR. FOLYIMIDE CHAR | TOLERANCE EASY TO EST- | EASY TO MACHINE. COSTLY  JREJECTED FOR COST AND AERODYNAMIC
(1718) MAY CREATE UNACCEPT- | ABLISH BUT MAY BE LOST | PROCESS DEVELOPMENT FOR UNCERTAINTY.
ABLE AERODYNAMIC DUE TO CHAR, POLYIMIDE
— SURFACE_
Tt 6.35KG | EXCELLENT THERMAL MOST DIFFICULT TO EST- | VERY COSTLY MULTIPIECE REJECTED FOR COST REASONS
(1418) CHARACTERISTICS ABLICH BUT THEN WILL BE | ASSEMBLY.
STABLE .
Table 7. 34, Staging Separation
’ ' Tradeoff
DESCRIPTION ADVANTAGES DISADVANTAGES RATIONAL FOR
PICTORIAL NARRATIVE SELECTION OR REJECTION
S s————
——AFTERBODY
= u PYRO ACTUATED SEPARATION |a. AERODYNAMICALLY ORDNANCE FIRING CIRCUIT | ASSURANCE OF GOOD DESCENT
NUTS MOUNTED ON AEROSHELL| ~ FINAL DESCENT ey CON- | WIRES REGUIRE SEPARATION | PROFILE THROUGH CLEAN SHAPE,
KO0y, o Pagion) | rievkon, HTEFNG. Hi SIS R AR
FEATURE PULLS BOLTOUT OF 1, HiGHLY RELIABLE SEPARATION CONNECTOR.
: SYSTEM., b
L™ DESCENT CAPS%
PYRO ACIUATED SEPARATION  {a. ORDNANCE FIRING PARATION NUT HOUSINGS | REJECTEC. BECAUSE OF RISK OF
NUTS MOUNTED ON AERO- WIRES DO NOT NEED 10 ¢ CUT, SEPAN ON DESCENT CAPSULE, | UNSTEADY FINAL DESCENT.
DYNAMIC STABILITY FENCE. | ioui v e MAY PERTURD AERODYNAMIC
BOLT EXTRACTION FEATURE + HIGHLY RELIABLE SEPARATION  |pEk) JRMANCE.
PULLS 8OLT OUT UF JOINT. ‘
o. SIGNIFICANT LOAD MUST | RIECTED SECAUSE USAGE OF

PYRO ACTUATED PIN PULLERS
MOUNTED ON AERODYNAMIC
STABILITY FENCE. JOINING
PIN PASSES THROUGH AERO-
DYNAMIC HOLE.

SIMPLE RING STRUCTURE.

SE CARRIED BY PIN PULLER,
UNUSUAL APPLICATION.

. LESS LIKELIHOOD OF
b OBTAINING LOW SHOCK

#YRO ACTUATED DEVICE.

UNUSUAL APFLICATION OF PIN
PULLER WOULD AEQUIRE DEVELOP-
MENT, AND SHOCK INPUT MUST
8E MINIMIZED,
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MAXIMUM
EQUIPMENT
OPERATING

. nngmu
3,
u."l‘fr) {225%F)
ESTIMATED !
[+-]

51
ASSOCIATED
WITH o

\ ALUMINUM

THERMAL,"STRUC JUIRAL MASS (KG)
g8

ﬁu‘%"milu./ THTANIUM
BERTLLIUM
INTERFACE g SHELL TEMPERATURE
_ LIMIT - 300°K (228°R)
250 300 350 400 4350 500 W% 30 4o
MAXIMUM SHELL TEMPERATURE (°K) INSULATION THICKNESS (CM)
Figure 7. 37, Cost versus Shell Temperature Figure 7.3-8, Thermal/Structural
Mass versus Insu«
iation Thickness

Relative c~sys of these materials are:

Aluminum 1.0 (preferred design)
Titanium 4.0
Beryllium 10. 0

Through this analysis, aluminum was selected on the baris of cost.

7.3.3.8 Shape of Pressure Vessel

Spherical, ellipsoidal, and domed cylindrical shapes were considered
as pressure vessel shapes. While a sphere might apprar to be the obvious
shape for a minimum weight pressure vessel of a given volume, the other
shapes were considered as they might offer economy through commonality
or ease of packaging, or might solve c.g. location problems. The domed
cylindrical shape offered the added possibility that the domes could con-
stitude the entire small probe ellipsoid. The ellipsoidal shape was nec-
essary to attain required c. g. location on the "'common aeroshell shape'
versions of the small probe. For independent small and large probe shapes,
the ellipsoid is not required for c.g. reasons and, as it is heavier and more
costly to fabricate, it was therefore rejected. The common dome for a
small probe vessel leads to an unsatisfactory large probe cylinder (too long

for required c. g. location), so commonality is not feasible.

Although spherical shapes are not ideal from an cqlipment packaging
standpoint, many arrangements of Pioneer Venus equipment have been suc-
cessfully integrated into spheres in both probes. The structural efficiency
of the sphere permits using more weight for inc reasing volume and design
margins both of which are directly related to program cost reductions.

Consequently, the spherical shapes have been chosen.
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’ 7.3.3.9 Seclection of Pressaure Shell Subassemblic:s

Four large probe pressure shell subassembly configurations were

considered, two three segment and two two-segment configurations., FEase i

of access for servicing or replacing equipment was the prime consideration b
in selection. A description and comparison of the alternatives is presented S
in Table 7.3-5.
I
1t should be noted that these tradeoffs were made before selection o

of the central, perforated aero-ring stabilizing device. Its selection further

reinforces the choice of an equipment ring located forward of the equator.

7.3.3.10 Aeroshell Separation Design Approaches

An evaluation of aeroshell separation design approaches was per-
formed for the Thor/Delta configuration early in the study. The preferred
configuration has changed since that time, but the conclusions regarding

selection of cartridge actuated nuts to effect forebody separation remain

S _f D hed s o idagd

valid. The tradeoff study is presented here since it is still the basis for
t the preferred separation configuration shown in Figure 7.3-1, Conclusions
relative to the base cover and parachute release design tradeoffs are not
. pertinent to the preferred Atlas/Centaur design (which uses cartridge actuated
- nuts, Figure 7.3-1), but are included to document the approaches evaluated.
Figure 7.3-9 shows the capsule and aeroshell configuration at the time of

the tradeoff.

i Concept Al - Forebody Separation

The pyrotechnic rut concept of aeroshell support, attachment, and
separation s shown in the lower portion of Figure 7. 3.10. Three pyro-
technic nuts lucated in equally spaced longerons provide secure restraint R,
of the descent capsule in the aeroshell payload adapter ring. The longerons '

provide a direct load path between the bus interface and the descent capsule

equipment canister. A continuous tension cone :pans through the insulation

from the cover at the equator to the pressure shell at the equipment shelf.

L It carries the high acceleration load applied at the adaptor flange through

the insulation. A flange external to the insulation ccver at the equator

N engages wi.h a mating flange on the aeroshell payload ring. The aeroshell
{}_3’ ( | payload ring has a discontinuous mating flange. The nut secures the descent

capsule within thre payload ring for tension loads and provides a means of
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BUS ATTACHMENT

DESCENT CAPSULE/ - RECESSES

AEROSHELL

PARATION
* ACCESS DOORS
'
ENTRY AGROSHELL
DESCENT CAPSULE

Tigure 7.3+9. Configuration for Sesaration Design Tradeoff Study

AEROSHELL BASE CAP
(SEPARATES AT PARACHUTE
RELEASE)

& |
jugy [nou/lus INTERFACE

PYROTECHNIC PIN PULLER
(PARACHUTE AND SASE COVER
RELEASE)

. ——- DESCENT CAPSULE/AEROSHELL
SEPARATION

LONGERON

TENSION LOAD CONE

INTEGRATED STRUCTURAL SHELF
AND ELECTRONICS CHASSIS

AEROSHELL PAYLOAD AING

——- AEROSHELL FOREBODY

Figure 7.3-10. Ssparation, Concept Al

separation. The nuts were selected in preference to a segmented Marman
clamp attachment (Figure 7.3-11) since they are more compatible than other
concepts with a payload ring that has local cutouts to accommodate science
instrument appendages, and they avoid potentially detrimental aerodynamic
effects of the clamp flange. Separation reliability is provided by dual ini-
tiators on each nut. The continuity of the longerons t¢ transmit compression
boost loads through the load cone is provided by local stiffening of the cone.

The aeroshell payload ring provides a partial means of guiding the separa-

-tion by preventing lateral motion during the descent capsule's axial travel.
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~LONGERON

SEGMENTED MARMAN
RING CLAWP

TENSION LUAD
CONE

INTEGRATED STRUCY
AND ELECTRONICS € l‘.‘A&SI of

AEROSHELL PAYLOAD
ADAPTOR RING

figure 7.3-11, Separation, Concept A2 {Tension Cone with
Segmented Marman Ring Clamp)

Concept A2 - Forebody Separation

In this approach (Figure 7.3-11) separation is achieved by pyrotech-
nically breaking a Marman ring clamp at locations coincident with the
cutouts in the payload ring that.accommodate the science appendages. This
has the disadvantage that four break points are required because of the

- ‘four cutouts for science instruments. An added disadvantage is that the
clamp segments must retract adequately to ensure clearance of the pro-
jections. Also, the Marman clamp flange imposes an aerodynamic flow
trip. An advantage is that much lower pyrotechnic shock levels are propa-

gated to the electronics and science equipment.

Concept A3 - Forebody Separation

The shortest load path from the pressure shell flange to the aeroshell
is a compression cylinder. This arrangement of descent capsule support
in the aeroshell is shown in Figure 7.3-12. Attacament of the descent
capsule to the aeroshell is provided by a continuous Marman clamp tha! is
broken pyrotechnically to allow separation. An advantage of this system
relative to concept A2 is that the aerodynamic flow around the equator is
undisturbed because no external flange is needed. An annular recess is
required at the adapter cylinder juncture to incorporate the clamp; however,
its effects are negligible. Another advantage of this design is that the
gensors, or protuberances, do not have to clear the paylcad support ring

during separation,
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INTEGRATED STRUCTURAL
SHELF AND ELECTRONICS .
CHASSIS ‘

COMPRESSION CYLINDER

Figure7.3-12. Separation, Concept A-3 @

The combined effect of the more direct structural load path and its
impact on the thermal control was assessed relative to concept A2 and ’!
was found to result in essentially equal weight designs. However, because

of inaccessibility for installation of the clamp deep in the aeroshell cap, this

separation concept was not selected. _ : v

Bagse Cover Separation Concepts i

Two arrangements of the base cover cap attachment to the descent
capsule and separation mechanism are shown in the upper portion of Figure
7.3.10 and in Figure 7.3-13. Both incorporate a pyrotechnic pin puller for
release of the cap. The main difference is in access to rig, install, and
arm the pin puller in instalation. Access to the pin pullef in the first case
is through the vents in the aerodynamic flare. (Figure 7.3-9). In the
second case a door raust be provided in the aerodynamic flare across the !
longeron. The flare vents required are adequate to provide access, how-

ever, more direct access is achieved in the second case, ' 4

PARACHUTE BRIDLE
ATTACHMENT

PARACHUTE, BASE
CAP SEPARATION

T figure ,3-13. Parachute and Bass Cover Re'sase
Concept

N




3.4 Atlas/Centaur - Preferred Subsystem

3.4.1 Large Probe
The large probe‘structural/mechanical subsystem is designed to
rry loads and package equipment efficiently, to present a satisfactory

rodynamic configuration, and to allow easy access to science and
.Q electronic equipment. The compact frustum of a cone acroshell after-

dy nests into the bus central cylinder and accepts launch l#ads close to
= descent capsule load ring. The aeroshell forebody transmits entry
-celeration loads to the descent capsule 1dad ring essentially in 'ine with
. launch load and close to the probe c.g. The descent capsule lo.. ring

also the aerodynamic stabilizer for the final descent configuration.

Access to equipment within the aeroshell is easily accomplished even
“ter the probe is completely assembled. The aeroshell forebody can be
—=moved without disturbing the cartridge actiuated separation nut assemblies
> removing six field splice bolts. Removal of the aeroshell forebody
«=lows rémoval of tne forward pressure vessel insulation and cover assembly
providing direct access to batteries and other
Removal of the middle

=1d pressure shell assembly,
=nsitive equipment located in the forward segment,
-ressure vessel segment (the equipment ring) can also be accomplished
—ithout disturbing separation nuts or aeroshell afterbody and this allows

ccese to all science equipment. The selected design avoids use of blind
onnectors and service loops in cabling to minimize harness and connector

roblems associated with high entry deceleration.

The large probe configuration and dimensions are shown in Figures
“.3.1 through 7.3-4, The total mechanical assembly includes thermal in-
. ulation and heat shielding as well as structure and mechanisms., The de-
~ign and analysis of the heat shield is discussed in Section 7.2 and the
“hermal insluation in Section 7.4. The aerodynamic considerations of the
=xternal configuration are discus sed in Section 7.1. A detailed discussion

«f structural and mechanical features follows.

Intetfaces

The large probe attaches to the bus central cylinder with three equally
= paced ball lock pins on a 77. 5 cm (30.5 in,) diameter bolt circle, The

—srobe is capable of withstanding all loads and environments associated with
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the launch, boost, and cruise modes of operation at these poirts. A rela-
tive separation velocity of 0.3 m/s (1. 0 ft/s) is imparted between the large
probe and the bus at separation by three springs mounted on the bus and
located at the probe/bus attach points. The umbilical from the bus to the
probe passes through the aeroshell afterbody. A cartridge actuated cable
cutter mounted on the spacecraft will sever the umbilical near the aero-

shell surface before separation of the probe from the bus.

Descent Capsule

The descent capsule is basically a spherical body with a perforated
annular ring with leading edge at the equator of the sphere. The principal

elements of the capsule are:
e Pressure shell (in three segments),
e Equipment mounting beams and brackets,
e Insulation installation (in four assemblies),
e Outer shell (in four segments),
e Load ring/aerodynamic stabilizer.

Pressure Shell - The pressure shell is basically a spherical aluminum

monocoque structure. Aluminum monocoque was selected over titanium
monocoque, rib stiffened aluminum or titanium on the basis of cost and
weight. The analytical and test basis for this decision is presented in Sec-
tion 7.3.6. Fabrication of the sphere in three segments allows all equip-
ment support and shell penetrations to be accomplished in one central seg-
ment and this, in turn, allows removal of that segment with minimum dis -
turbance of the rest of the probe assembly. The foreward and aft pressure
ghell segments are simple spherical segments with no penetrations. They
have bosses for mounting the antennas and provisions for electrical cable
clips but are otherwise ''clean." The central segment, also referred to

as the equipment ring, is a frustum of a cone with wall thickness enveloping
the spherical szgment that would continue the geometry of the fore and aft
segments. The conic sh.a‘.'pé is used to simplify penatrations and thereby
provide flexibility in rearranging penetrations relatively late in the program.
The thick wall and the fact that all penetrations are normal to the cone

elirminates the need for special bosses, except for large mass spectrometer
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penetration, Thus, procurement of the basic forging can proceed in the
face of some uncertainty regarding final science penetrations, and changes
can be accommodated with minimum cost up to the actual cutting of holes.

Viton rubber seals fulfill leakage requirements.

Equipment Beams - The equipment mounting beams and brackets are

an assembly separate from the pressure shell. This too provides flexibility
to accommodate change at minimum cost since a change in mounting
requirements will not directly affect the pressure shell, The basic beam
structure, separate from the bracketry, allows capsule design and testing
to proceed before detailed bracket design is determined. The separate
beam structure introduces a joint where thermal and shock inputs can be

_attenuated. Figure 7.3-4 shows an arrangement for mtegra.tmn of science

and electronic equipment. that resérves the main equxpment shelf for science

instruments and thereby allows integration of science with minimal inter-
action with electronic equipment. Many arrangements with varying comple-
ments of equipment and sizes of equipment were investigated during the
course of the study. In all cases a viable arrangement was achieved. There
is, thexefore, a basis for believing that the selected size and general
arrangement of the pressure vessel is compatible with all foreseeable re-
quirements. The accommodation of the alternative science instruments

identified is documented and described in Section 3.1.2.2.

Insulation - The thermal insulation installation is external to the
pressure shell for economy of cost and weight. Tradeoff between interna.l
and external insulation is presentea in Section 7.4. The insulation is in-
stalled in four assemblies, mounted on pressure shell segments consistent
with the easy access plan of pressure vessel assembly. Installation on fore
and aft pressure shell segments is relatively simple, cutouts for bosses and
electrical cable runs being the only departure from uniform pieces. Instal -
lation on the central segment is relatively inﬂt,ricatej_in' order to conform to-
various penetrations. Pieces in this segment are designed for disassembly
without disturbing the penetrations 86 that access time will be minimized and

only penetrations requiring service are disturbed.

To facititate access, the outer shell (irsulation cover), like
the installation, is fabricated in four assembiies from titanium sheets
because of need of a lightweight mat:rial with structural integrity at the

7. 3"24
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Venus surface temperature. The aft outer shell assembly incorporates
mounting provisions for the communication antenna, for the electrical con-
nector for lines to the afterbody, and for the ground service umbilical con-
nector. The parachute pack entry load reaction is carried through the
outer shell and the insulation, but there are no fasteners joining these
assemblies. The central cuter shell assembly has cutouts for the science
penetrations and is designed for ease of assembly/dlsassembly. The
lower outer shell assembly includes penetrations for supports for the

wind drift radar antenna. The joints and splices in the shell act as vents
‘to allow the atmosphere to permeate the insulation to the pressure shell.

- Perforated Stabilizing Ring - This ring provides support of the descent
capsule in the aeroshell, aerodynamic stability during final descent, and
a controlled rate of rotation during final descent. The selected design for
this assembly consists of a machined, U-shaped ring drilled to receive
tubes for holes and inserts for separation fittings, and with a stub flange
to attach the load cone. The ring and its fittings are titanium to provide a

lightweight structure with good strength at Venus surface temperatures.

The load cone is titanium to provide unpedance to heat transfer to the pres-“ ‘

sure shell. Tolerances on the cant angle of the perforations were an im-
portant consideration in the tradeoff presented in Section 7. 3. 3 because of
the small angle required, about 0.00873 rad (1/20) and the short hole depth
36.32 mm, (L.43 in.) results in only 0.33 mm, (0. 013 in.) offset between
top and bottom edges. An error of only 0.025 mm, (0.001 in.) in location
of the top of the hole relative to the bottom creates an 8% angle error. This

virtually requires integral ring construction,

Load Cone - The load cone inboard of the ring supporting the pressure
vessel is thin both for heat transfer and for weight reasons., The primary
load is the tenéibn lbad of entry, but the launch load governs design locally
at the three spacecraft interface locations. Because the latter is a com-

pression load, local rib stiffeners must be incorporated into the cone.

Aeroshell Forebody

The aeroshell forebody is a distinctly separate assembly from the
aerosheli afterbody The two are joined through the deacent capsule sta-

bxhzmg ring and interface du‘ectly at science protrusion clearance cutouts
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(Figure 7.3-1) but are otherwisc entirely separate. . The principal elements
of the aeroshell forebody are:

e Forward skin, stiffeners, and edge member,
e Payload ring,
e Back skin, stiffeners, and support cylinder,

e Heat shield installation

The conical structure of the aeroshell forebody is a ring stiffened
monocoque essentially similar to the Viking aeroshell forebody but of
heavier gage construction. The entire shell structure is aluminum for
reasons of economy and weight. The structure temperature does not ex-

. ceed 541°K (515°F) up to parachute deployment and the structure is not re-
quired after that time. The stiffening rings are spaced to preserve general
structural stability., They can be heavy enough to preclude local crippling
problems because they act with the shell in withstanding pressure. The
edge member provxdes desired aerodynamic shape and stabilizes the edge
of the shell

The cyhndncal payload ring is a rib stiffened titanium shell structure
. to provide high impedance to heat transfer. It has local cutouts to clear
science instruments such as the cloud particle analyzer, the mass spec-
trometer, the solar flux sensor, and the planetary flux sensor. Three
longerons are incorporated in the payload ring to provide a tension tie to
the rest of the probe. The field splice for easy removal of the aeroshell
forebody is incorporated mto these longerons. .Compressionloads are
transmitted by bearing the edge of the payload ring on the descent capsule.

load ring.

The forebody cavity 15 vented to relieve internal pressure differen-
tials greater than 6895 N/m (1 psi). This allows the flat, aft surface of
the forebody to be a lightweight rib/skin structure with rib supports at the
edge member and at an inner cylinder. The diameter of the inner cylinder
is determined by the requirement for clearance for the cloud particle ana-
lyzer during staging of the forebody. The aft surface structure includes an

~annular recéss with a flexibly mounted sealing ring that provides a closure
over the forward end of the holes in the descent capsule stabilizing ring and

a hollow Viton seal mounted in the recess bearing against the edge of the
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ring to prevent circulation of hot gasses during entry. A cutout in the in-
board portion of the aft face provides clearanee for the cloud particle ana-

lyzer sensor during staging. Doors in the flat base surface provide access.

to f1e1d sphce bolts for easy forebody removal

' Forebody teat Shield - The heat llneld installation consists of con-

centric, machined rings and nose cap. Details of heat shield fabrication

and development are presented in Section 7.2.

Aeroshell Afterbody

The aeroshell afterbody protects the aft part of the descent capsule
and provides housing and support for the parachute system. The principal
elements of the afterbody structure are:

e DBase,
e Cap,
e Parachute system support,

o Heat shield.

The base of the afterbody is an aluminum a.lloy structure that extends
from the descent capsule support nng to the communication antenna ground
plane. The forward ring of this section covers the aft side of the descent
capsule aerodynamic stability fence and has holes matching those in the
fence so atmosphere can flow through and cause descent capsule rotation
during parachute descent. This ring also serves as a mount for the sepa-
ration fittings and for the cover for the cloud particle analyser clearance

cutout in the aeroshell forebody. The cartridge actuated separation nuts for

- stagmg of aeroshell forebody and afterbody are housed in three separation

£1ttmgs that provide protection for the nuts during entry. The top of these
housings include phenolic plates that interface with the bus and shear pin
receptacles and fittings for the cartridge actuated ball lock pin that joins
the descent capsule to the bus. They also provide bases for the springs
that separate the péobe from the spacecraft - fter release. The cutout
cover is spring-loaded to flip up against the afterbody after forebody sepa-
ration to allow frce flow of atmot phere through the sensbr.‘ The aff ring
of the base reacts radial loads and provides a mounting surface for the cap.

The structure between the rings is aluminum alloy sheet with three longerons
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to react parachute loads and nine stringers to stabilize the cone structure,

six of which support cap latching hardware. The three longerons coineide with
spacecraft interface points. A door in the skin provides access to the

staging connector so the coime"ctor can be mated and secured in place after

the afterbody is mated to the probe.

The aft cap is a fiberglass polyirnide structure, rather than a metal
structure, to allow effective RF transmission., The cap is latched to the -
base and is released and removed by action of the pilot parachute to allov-
deployment of the main parachute. - Release of the back of the cap only was
considered tut because carbon in the heat shield char on the conic part of
the cap would interfere with RF transmission and because a simpler re-
lease mechanism was possible, the selected design removes the entire cap
down to the antenna ground plane. The pilot parachute mortar is mounted
with its cover insert, faired into, and forming part of the cap. Bridles
legs from the pilot chute nest in small troughs in the cap. The gap between
the mortar cover and the cap and the top part of the riser troughs over the
bridles is filled with ESA 3560 heat shield repair material by troweling.
The brittle repair material is easily stripped out by parachute deployment
forces, but it provides a sound continuous heat shizld prior to that time, -

Afterbody Heat Shield - The afterbody is protected by an ESA 3560
honeycomb reinforced heat shield bonded to the structure. Joints are
filled with ESA 3560 heat shield repair material. The heat shield design

and development is described in detail in Section 7. 2.

Parachute Support Structure - The parachute system support structure

takes advantage of the ability of the descent capsule thermal insuiation to
accept distributed loads. A metal ground plane coincident with the antenna
base has concentric rings bearing on the descent capsule insulation cover.
v The bgvlass phenolic.:l main chute container iﬁéludes standoffs to tranemit

| ‘entry loads to this ring. Launch loads are reacted by tension fittings be-
tween the pack and the longerons. A fitting conforming to the base of the
pilot mortar transmits mortar 1oads to the aeroshell afterbody through a
bracket,

Mechanisms and Devices

Several mechanical devices are required to enable functioning of the
large probe through its mission. These items and their purpose follow.
7. 3‘28
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Item Purpose

e Separation nuts Enable aeroshell staging.
e Aeroshell afterbody Disconnect electrical lines be-
separation connector tween descent capsule and aero-

shell base cover at separation.

e Ground service separation Disconnect accelerometer cali-
connector bratiorn and battery charging wires
prior to launch,

e Aeroshell afterbody radome Retain radome and release it
latch and release during pilot parachute deployment.
e Ascent pressure relief valve Relieve air pressure ir aeroshell

during launch to minimize struc-
tural loads,

e Cloud particle analyzer Get cover out of flow path to allow
sensor clearance hole cover undisturbed atmospheric flow
folding mechanism through sensor.

e Ground service connector Provide cover with heat shield
cover for probe half of connector after

disconnect.

Some of these are standard commercial items, some are modified standard
items, and some must be designed. A description of the selected design

and the rationale in choosing it over alternatives follows.

Separation Nuts - The basic Viking separation nut design will be used,
but the design must be modified for Pioneer Venus separation usage. The
Viking unit has the initiator ports on the side because of Viking peculiar
mourting requirements. The Pioneer Venus separation devices inust be
mounted on the load ring of the descent capsule and the side prots would
present an undesirable bulge on the afterbody. It is anticipated that rotating

the ports would not adversely affect the performance of the existing design.

Due to the proximity of the separation devices to the internal equipment,
it would be very desirable to use a low-shock output device to limit shock
input to science and electronic equipment. Two ordnance manufacturing
companies are developing low-shock separation nuts, and tests are now
being performed by NASA on the devices of both companies. Qualification
tests are scheduled to be run on one of these devices for another program

in Jvne or July 1973; it is therefore anticipated that by the time Pioneer Venus
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equipment is to be purchased there will be a qualified low-shock nut avail -
able and possibly some usage data. Serious consideration will be given
the low-shock design. The estimated cost for the low-shock nut was only
6% higher than the modified Viking design. Because there are smal! dif-
ferences in cost with the possibility of substantial savings on electronic
equipment, it is intended that the qualification testing requirements and
results on the low-shock nut, when available, be thoroughly reviewed with
Pioneer Venus requirements in mind to set up a limited qualification pro-
gram to assure that the low-shock unit will perform successfully for

Pioneer Venus,

Pin pullers were consider=d for use as separation devices; however,
the anticipated loads are much higher than those for which the Viking pin
puller was qualified. This concern, plus the relative difficulty in mating
and demating with pin pullers and because no 10w-shock pin puller designs
are available, were reasons for rejection of the pin pullers as staging de-

vices.

Initiators - Two initiators for the separation nuts, both of which are

~ qualified for space applications, were considered: the Viking Standard
Initiator (VSI) and the Single Bridgewire Apollo Standard Initiator (SBASI).
These initiators could almost be called interchangeable., Slight differences
are present in these power sources; namely, the VSI output pressures cen-
ter around 4 826 290 N/m2 (700 psi) and the SBASI center around 4 481 555
N/m2 (650 psi); there are more complete process, procedure, and material
control on the VSI program and the epoxy used in the VSI is good to 436°Kk
(325°F) whereas the SBASI epoxy is recomm.ended to 394°K (250°F). Some
degradation of the SBASI epoxy was experienced around the pins during tests
at 422°K (300°F); however, this did not affect the performance of the :nit
tested. The sterilization requirements for the Viking necessitated the

higher temperature resistant epoxy.

The above differences indicate that the VSI would be a slightly better

device; however, the differences are not of such magnitude that selection

could not be made based on cost. Preliminary cost and technical proposals

have been received, and the VSI was 25% lower in program cost. Based on
the slight technical and on the cost advantages of the VSI, it was selected

for the Pioneer Venus program,
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Separation Connector - The selected connector for separating wires

between the descent capsule and the aeroshell afterbody is a 41 pin, spring-
assicted conncctor manufactured by G&H Technology. This copaector

has been qualified for RMP-B on Atlas -launched reentry vehicles. This
connector has no closing mecharisms; the halves are held together by the
structiure in which it is mounted. Upon release of the structure, a spring
in the connector provides enough force to separate the connector halves,
This connector was used successfully on the Viking Balloon Launch De-

celerator 1est Program.

An alternative separation method would be to use a pyro -activated
wire cutter. The Viking PD5000010-001 cutter would easily cut the required
number of wires (24). However, this cutter requires two initiators, two
pressure cartridges, and two connectors, and it is neither lighter nor less
expensive than the connector. The use of the cutter also presents a cri-
tical timing problem not experienced when the mechanical separation con-
nectof is used. These disadvantages more than offset the disadvantage
of introducing another connecter in the system. The G & H connector was

therefore selected.

Ground Service Separation Connector - A connector is required to

disconnect ground lines fo. battery charging and for accelerometer-ca S

bration before launch. The connector is mounted in the aeroshell afterbody
to preserve the continuity of the forebody heat shield. At the time of dis -
connect, the connector is difficult to reach so a standard commercial manual
lanyard pull disconnect was selected so the connector can be disconnected

and removed through an opening in the payload fixing.

Aeroshell Afterbody Cap Latch and Release Mechanism - The aero-

shell afterbody cap latch and release mechanism (Figure 7. 3-2) will be

" actuated by a lanyard from a bridle leg of the pilot parachute. The latch

and relecase mechanism will consist of six spring-loaded clamps held closed
by a single 3,28 mm (1/8 in,) steel cabiz. The tension in the cable is re-
leased and the clamps rotate open when the lanyard pulls a pin holding the
ends of the cahle together. A turnbuckle will apply tension to the cable

after assembly.
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An alternative method of releasing the cable would be to use the .
Viking cable cutter, The advantage of the lanyard pull over the cable cut-
ter is that no sequencing problem exists. The cutter would have to act R
after the pilot chute cleared the cap and before tension was achieved in

pilot chute risers. The cap could be rcleased before deployment of the

T
L

pilot chute; however, this would require a positive means of assuring that

¥

‘the cap was clear of the probes. The lanyard release provides for such a

way since the cap and the pilot chute risers are connected.

Prescure Relief Valve - The ascent pressure relief valve will be a

simple check valve arrangement using a spring-loaded lip seal attached
to a small circular opening in the aeroshell. When the atmospheric pres-

sure decreases during boost the trapped ground ambient pressure will push

RN «\»mu—@“"—‘-‘f:_

open the seal and aeroshell relieving the internal pressure. The spring
will be sized so that 0.345 N/cmz (1/2 psi) will open the valve and differen-
tial pressure <0, 6895 N/(:mZ (1 psi) will be assured.

Cloud Particle Analyzer Cover Folding Mechanism - To allow the most

favorable pattern of atmospheric flow through the cloud particle analyzer
sensor before aeroshell afterbody separation, the sensor cover is flipped

back against the afterbody after separation of the forebody. A glass

b )
D e TR 3L A

phenolic cover with torsion springs, shown in Figure 7.3-14, will perform
thic function when released by separation of the forebody. The glass phe-
olic material will withstand entry heating conditions and will rotate smoothly
over its hinge half. A pin in the tip of the cover engages a hole in a

clip in the forchody to keep the cover closed. When the forebody separates,
the cover hinges downward until the pin slips out of the clip. The cover
then flips up, actuated by the torsion springs. Atmospheric flow would tend
to open the cover, but two springs of about 39.8 cm N (3-1/2 in. -1b.) each

are included to assure positive rotation of the cover. |
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figure 7. 314, Door Mechanism

Ground Service Connector Cover - It is necessary to provide a cover

over the ground service connector opening in the aeroshell afterbody. The
opening is rather inaccessable at the time of disconnect so a spring-loaded

cover will be provided. The cover will snap into place upon connector
disconnect.

7.3.4.2 Small Probe.

The principal elements of the small probe are the aeroshell, pressure:

vessel, and devices that enable functioning of scientific experiments. Fig-
ure 7.3 -5 shows the main features of these elements. This configuration
operates as an aerodynamically stable body throughout entry and subsonic
descent modes. The integration of structure, insulation, heat shielding,
and science and electronic equipment has assured location of tke c. g.

sufficiently forward of the base diametral plane for aerodynamic stability.

Ease of access to scientific or electronic equipment is a prirne con-
sideration in the small probe structural design. There are no penetrations
or attachments to the aeroshell afterbody, so it can be easily removed to
gain access to fasteners joining the pressure shell to the forebody. The
forebody is then removed to gain access to the fasteners joining pressure
shell halves, the removal of which allows access to a~d removal of the
equipment shelf for servicing or replacement of equipme«ut on bench stands,
Science sensor access to the Venus atmosphere is achieved by cover

ejection or sensor deployment through the aeroshell after the entry phase,
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Venus atmospheric entry loads are transmitted from the aeroshell
to the pressure shall through the MIN-K thermal insulation. As explained
in Section 7. 3.6, this material has good load carrying capability, The
selected design ta.kes advantage of this to avoid concentrated loads and
thereby achieve a l1ghtwe1ght aeroshell structure. Both structural and in-
sulation fabrication costs are lessened due to the absence of closely spaced
frames. Lauanch loads are also taken out in the bearing on the insulation
on the aft side. This condition imposes a concentrated (ring) load on the
aeroshell forebody but this is a relatively low loading condition. The sup-
port ring provides lateral stability and the pressure sensor port tube pro-

vides rotational stability for the pressure shell within the aeroshell.
Interfaces

The small probes are mounted equally spaced a~ound the outer per-
iphery of the equipment shelf on the bus. Each probe is held on the bus by
four:'pairs of pads approximately 1. 57 rad (90 deg) apart, each pair opposed
in bea,rmg on the aeroshell forebody and the afterbody to secure the rim of
the major diameter. Two pair of pads are on the fixed bus structure and
two are on hinged arms that are attached by an ordnance operated pin puller
to allow probe release. The arrangement is described in Section 8. 8.4. 2.
The probe structural frame and the interposing heat shield are designed
for a maximum- radial preloau of 2225 N (500 1b) at each pair of pads. The
umbilical cable penetrates the aeroshell afterbody. It is equipped with a
connector for spacecraft attachment. A bus mounted cable cutter severs
the umbilical close to the probe surface before separation of the probe from
the bus.

The principal structural/mechanical elements of the small probe follow.

Pressure Vessel

The pressure vessel is a spherical, aluminum, monocoque structure

" fabricated in two halves. The basis for selection of this type of construction
(same as the largc probe pressure vessel) is presented in Section 7. 3.6, .
The communication antenna penetration and all science sensor penetrations
except the pressure sensor port are located in the aft shell half. This
allows casy removal of the shell from the forebody because the forward in-

sulation can remain undisturbed when the pressure shell is slipped out of it.
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Four intermittent internal mating flanges with recesses to accommodate
 thermal isolators between the shell halves provide support for the equipment
shelf,

The aft insulation retaining cover is part of the aft pressure shell
assembly, This thin titanium shell retains the aft insulation, provides a
" mount for theé antenna and its ground plane, and reacts pressure vessel

loads through the insulation during launch.

Equipment Shelf

The equipment shelf is an integrally machined, pan shaped aluminum
structure that supports science and electronic equipment such that the c. g.
is well below the pressure vessel centerline, thus assuring required total
probe c.g. location. As shown in Figure 7.3-5 the size of the Atlas/Centaur
small probe provides ample room for integration of science and electronic

equipment on the equipmert shelf.
Aeroshell

Except for the radome the aeroshell skin is made of titanium because
it is a functional part of the probe all the way to the surface and must there-
fore retain structural integrity at Venus surface temperatures. The radome
must be RF transparent and it is made of fiberglass reinforced polyimide
with a Teflon covering. The nose cap and part of the frontal cone are mainly
Rrotective covers over the insulation and have little structural function since
they bear directly on the insulation. The cuter frontal cone, outside the
insulation retaining cylinder, functions as a ring stiffened conical shell
gimilar to the large probe forebody. The forebody structure extends into
the afterbody region locally at science sensor openings and at the umbilical
penetration, This keegs all penetrations in the forebody so the afterbody
can be slipped on or off most easily. Part of the edge member assembly
(the outer ring) is titanium and part is aluminum. The part of the edge
member that acts as a cylindrical retainer for the pressure shell insulation
is aluminum to satisfy a need for a controlled heat path into the pressure
vessel during cruise. During launch and entry when this cylinder carries
significant 1oad, the temperature is low and the aluminum has full strength.
At the end of des~ent when temperature is high and the strength of the

aluminum is very low, there is essentially no load. It would be possible to

7e 3235




Ancorporate a thermal fuse into this cylinder should it prove necessary to
further reduce heat inflow in the latter stages of the mission. Another
alternative considered for this cylinder was to use titanium as basic struc-
~ture and to add strips of highly conductive material such as copper to Lo ﬂh :
"1tune" the heat conductance. This alternative would provide greater total

structural integrity at termination of mission but this is not required. The

alternative was not adopted because of greater cost than the aluminum - .

concept.

Mechanisms and Devices

R e s

Mechanical devices are required to expose science sensors to the
Venus atmosphere or to vent the probe. These are:
" Item ‘ Purpose i
@ Nephelométer window Expose nephelometer optics to Venus :
cover ejector atmosphere after entry :
I
@ IR flux instrument Provide opening through which to ,
* cover ejector extend instrument senscr b
® Temperature sensor Deploy sensor beyond boundary layer. {:\‘

deployment mechanism

T

® Pressure port Transmit stagnation pressure to -
instrument, accommodating relative -
motion of pressure shell and aero-

shell.
® Ascent pressure Relieve air pressure in aeroshell !
relief valve during ascent to minimize structure ’
weight.
'@ Ground separation con- Disconnect accelercmeter calibration
nector and cover and battery charging wires and cover.

Ejectors, The nephelometer window cover ejector and the IR flux
instrument cover ejector mechanisms will use the same design principal
and basic parts. Essentially they will consist of a spring-loaded heat
shield plug in the:shell which is held in place with an electrically actuated
pin puller. Upon receipt of the signal to open, the pin puller releases the
spring that propels the plug with the spring mechanism away from the probe,
providing the required viewing poris for the experiments.




The electrically actuated pin puller was selected for this application
since it has a low-shock output compared to the pyro actuated devices used
on Viking, This design, the electrically actuated pin puller, has been
qualified by Martin Marietta for use on the Skylab Multiple Docking Adapter
and should not present any problems when used on the small probes. The
pin puller is made by G&H Technology and consists of a wire element wound
around a split spool. This spool supports a spring-loaded pin. When current
is applied to the wire, a.prereducéd section is heated and fails allowing
the spool to separate and the pin is retracied. Reaction times are in the

6 to 10 millisecond ranges.

The.temperature sensor will also be deployed with the electrically
activated pin puller previously described. The mechanism will consist of
a small spring loaded probe that when relecsed will push out a small plug

in the foreboady shell and protrude from the release.

Pressure Port. A pressure port with a seal arrangement will be
installed in the probe to accommodate any small relative movement between
the aeroshell and pressure vessel which could damage the graphite pressure
sensor pickup tube if the tube is not free to move at one end. A dynamic
seal prevents hot ablation gases from entering the probe while allowing the

‘movement. Relative movement can be caused by thermal and pressure
loads and by compressibility of the insulation between the inner and outer

structure,

Pressure Relief Valve. The ascent pressure relief valve will be the

same concept as the large probe ascent pressure relief vaive.

Ground Service Separation Connector and Cover - A connector is

required to disconnect ground lines for battery charging and for acceler-
ometer calibration before launch. This requirement is essentially the same
as the large probé requirement except there are fewer accelerometer wires on
the smali probe. A standard commercial, manually operated, lanyard pull
disconnect and a spring loader cover sirailar to those ém the large probe

are planned for use.

7.3.5 Thor/Delta - Preferred Subsystem

Thor /Delta studies were based on a large probe descent capsule cton-
figuration that included a vented flare éefddynamic stabilizer. The following
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=cugsion and associated illustrations are based on this configuration.
swever, the overall configuration is compatible with ti perforated ring-

= bilized descent capsule and the reduced volume afterbody adopted as

- baseline for the Atlas/Centaur configuration. Consequently, these
—atures would be incorporated in any future Thor/Delta probe activity. The
‘rge and small probes have similar aeroshell shapes; but, as ia the Atlas/
=ntaur configuration, the requirements of staging of the large probe aero-

—ell lead to totally different structural systems.

3.5.1 Large Probe Interfaces
The large probe attaches to the bus central cylinder with three equally

—aced ball lock pins on a 67.2 cm (26.5 inch) diameter bolt circle centered
= the bus centerline, The probe is capable of withstanding all loads and
-nvironments associated with launch, boost, and cruise modes of operation
-¢ these points. A relative separation velocity of 0. 3 m/s (1.0 ft/sec) is
-nparted between the large probe and the bus at separation by three springs

—ounted on the bus and located at the probe/bus attach points.

The preliminary loads that design the large probe at each ball lock | R '7

_ttach point and probe carry-through structure are:

Axial . = 8900 N (2000 1b)
Radial = 1335 N (300 1b)
Tangential = 2225 N (500 1b)

The umbilical cable penetrates the probe base cap through a hole in a re-
— ess circle., The umbilical cable is equipped with a connector for bus
= ttachment and has adeugate length to allow rigging through a cable cutter

<hat is mounted on the bus central cylinder.

=7.3.5.2 Large Probe Configuration De:scription

The large probe structural/mechanical arrangement, shown in Figure
7.3-15b, includes the descent capsule, forebody aeroshell, base cover, and

capsule parachute system as the major components.
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»)
. figure 7.3-15, Thor/Deita Large Probe Structures énd
Separation Mechanism

The entry vehicle configuration is a 137. 2 cm (54.0 in.) diameter
1. 048 rad (60 deg) half angle blunted cone forebody with a 0. 785 rad (45 deg)
half cone afterbody, a 33.8 cm (13.3 in.) radius spherical nose cap and a
50. 8 cm (20 in. ) radius spherical base cap. The outer surface is covered

with ablative heat shield material, described in Section 7. 2.

The parachute is deployed by mortar at 70 km and extracts the descent
capsule from the forebody aeroshell, After descent to 44 km, the descent
capsule is realesed from the parachute and descends to impact. The base

cap remains in place while the descent is on the parachute.

The descent capsule is basically a ‘spherical body symmé'trical about
its spin axis with a veated aerodynamic flare extending above the sphere
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equator. The vented flare provides aerodynamic drag to effect a terminal
ballistic coefficient of 3.5 and to provide directional stability during the
second descent stage. Three equally spaced longerons nest inside the
flare to provide support for the boost loads at the bus separation interface,
and to mount the collar for the ball lock mechanism that attaches the probe
to the bus. The longerons extend down and exit the flare to provide a bath-
tub type fitting at their lower end for the cartridge actuated separation nut
that attaches the descent capsule in the acroshell.

N

' The base cap is attached to the descent capsule by three equally spaced
.cartridge a'ctuatedﬂp‘in pn'llere‘"that"'ve_ngage lug fittings located in the longerons.
- The pin pu11é}$ are equipped with dual Viking standard initiators for re-
dundancy The machined fittings within the base cap that engage the pin
puller also serve to attach the parachute bridle legs that extend through
| slots in the base cap. A continuous cone frustum shell within the base cap

.-l..;,...w,n'_a?r-‘ 5 “;& o~ i

prowdes r1g1d1ty for maintaining the base cap shape and provides mountmg
for the parachute and staging fittings,

e

A pair of beams located symmetrically about the probe centerline T
and straddling the. antenna, span across the cone frustum to provide a mount e

N2k e SR Ll I = e . s R e

for the parachute and mortar. .~ oo o ~ R

The base cap mounts three equally spaced local recesses for adapting
to the bus interface. A fourth recess accommodates the bus /probe elec- !
trical umbilical and a battery recharge plug. The recess structural sub-
strate is formed of glass phenohc to provide smooth faying surfaces within |
the complex curvature. '

~ The base cap cover structure above the cone frustum is glass rein-
furced polyimide to provide RF transparency, It mounts the antenna aperture
and the parachute canister cover. Two of the parachute bridle legs nest- - - - - e
in slots imbedded in the base cap structure around the periphery of the . S 4
aperture. The 319'53. -will be filled over the bridle with ESA 3560 heat shield |
repair material by troweling. The material is removed by parachute de-
ployment forces. The antenna aperture is covered with a Teflon heat shield
80 that it remains RF transparent after entry heating. The surrounding
elastomeric silicone ablator is RF transparent prior to entry; this, with

the fiberglass structure, allows a w:.de vgew antenna angle before entry.
After entry the parachute «.amster cover and protecttve heat shzeld are
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. removed. The teflon covered cap area with the open area caused by chute L
mortaring allow a 2. 69 rad (160 deg) antenna cone view angle. A metallic
screen above the parachute support beams at the top of the cone frustum
provides an antenna ground plane. It is cut out to allow protrusion of the

antenna and the parachute canister.

The descent capsile nests within the aeroshell payload ring and en-

gages it through a ring flange at its equator to transmit the high entry de-

IR .

celeration loads. Local cutouts in the aeroshell payload ring accommodate
the descent capsule science appendages that extend laterally below the
equator. The descent capsule is secured within the aeroshell by three
cartridge actuated separation nuts on equally spaced longerons that mate

with an adapter fitting., Each separation nut is equipped with dual Viking

NP RO NRPPIREREEr ~  <o

standard initiators for redundancy.

The descent capsule includes a spherical, pressure protected equip- b
ment canister that is thermally insulated for protection through the atmos- :
pheric descent mode in a design similar to that described earlier for the

( Atlas/Centaur probe. The internal equipment arrangement and the main . i

assembly joints of the pressure shell, the insulation cover, and the science |

mechanization concept are also similar to the Atlas /Centaur system and
emphasis ease of access for assembly, checkout, and repair. The
eqmpment ring thrcugh which science sensors and electrical feedthrough
" are mounted is. machined from an aluminum plate. Its basic shape is that ' '
of a truncated spherical segment 12. 7 em (5.0 in,) deep that mates with a
lower spherical segment closure and an upper hemisphere and cylinder to
comprise the pressure shell. Internally, within the depth of the equipment *
ring are integrally machined beams configured to accommodate the major 3
components of science and electronics equipment. Additional lugs, iater- R U
costals, or fittings will mount tue various smaller components to the basic ¥
shelf,

7.3.5.3 Parachute Installation

. The Thor/Delta parachute system is considerably smaller than that
‘used for the Atlas/Centaur probe due both to the lesser probe weight and to
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the more rapid descent profile which was baseline at the conclusion of

Thor/Delta design studies This smaller main chute is mortared directly.
directly instead of being deployed by a mortared pilot chute,

As received for installation in the probe base cover, the subsystem
includes the parachute, packaged in a cylindrical canister, its mortar,
and a cover attached to the canister with shear rivets. The parachute bridle
legs extend from under the odge of the cover. The base cover structure
~ supports the parachute «inister, secures the bridle legs, and protects the
system from the entry heating.

7.3.5.4 Small Probe Interfaces

The small probes are mounted equally spaced around the outer periph-
ery of the equipment shelf on the bus. Each prdbe is held on the bus by
four pairs of pads approximately 1. 57 rad (90 deg) apart, as in the Atlas/
Centaur design. The probe structural frame and heat shield are designed
for a maximum radial preload of 2225 N (500 1b) at each pair of pads. For
the launch, boost, cruise, and separation modes, the probe is designed for

the following maximum additional loads at each pair of pads:

Axiel- - - = 1335 N (300 1b)
Radial = 668 N (150 1b)
- Tangential = 1335 N (300 1b)

The umbilical cable penetrates the aeroshell afterbody. It is equipped

with a connector for spacecraft attachment. A cable cutter is rigged io

sever the umbilical close to the probe surface before separation to the probe

from the spacecraft, -

7.3.5.5 Small Probe Configuration

The small probe structural/mechanical arrangement is shown in Figure
7.3-16. The aeroshell body is a 47.0 cm (18. 5 in.) d»i"av.rriété’r 0.785 rad
(45 deg) half angle 15,24 crn (6.0 in.) radius blunted cone forebvod‘y with a n
0.523 rad (30 deg) half angle cone afterbody and a 21.2 cm (8. 35 ir.) radius

= spherical base cap. The outer surface is covered with ablative heat shield,
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Fiqure 7.3-16. Thor/Delta Structural/Mechanical Arrangement Small Probe

An oblate spheroid shape for the pressure shell allows more efficient
equipment packaging internally and results in a more forward center of
gravity. However, a slight weight penalty results as compared to a spher=s,

The c. g. is sufficiently forward with respect to the base diametral plane to

" assure aerodynamic stability, The inertia load during entry deceleration -

is transferred from the pressure shell to the aeroshell by the MIN-K in-
sulation. A circumferential support ring centrally locates and laterally
supports the equipment canister. The base cover mounts to the fcrebody at
the aft flange of the aeroshell edge ring.

Since the prube does not stage for the subsonic descent phase, me-
chanical functions similar to those described for the Atlas/Centaur probe

are provided to expose science instruments.

7.3.5.6 GSE Provisions

The features or added parts that are required to make the probes com-
patible with ground handling equipment are minimai‘; The aefbéhéll rvn.‘ajor" ‘
diameter ring frames with heat shield covering around the rim are inherently
rigid and are suitable for clamping between mating surfaces of a handling
ring. For handling and support of the inner assemblies, such as the descent
caps:le or the equipment shelf, the normal support points attached to

handling rings or fixtures are acceptable because it is designed for the high
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entry deceleration loads, For hardling the descent capsule with the base
cover cap in pvlac’:e,:b'hoistixig points are located in the base cap recesses
provided for bus interface at mid-height of the cone frustum structure. A
hole through the shell and heat shield allows installing a threaded eye bolt
into a nut plate on each of the three parachute adapter fittings. The hole
through the heat shield is rimmed with a glass phenolic shell. The hole

~ will be plugged with a threaded stud with a glass phenolic cap after assembly.

7.3.6 Supporting Analysis and Tests

A preliminary structural analysis has been accomplished to support
the design studies, establish the size requirements and assure structural
integrity. For the Atlas/Centaur probes, a design ultimate factor of safety
of 1. 56 was selected for the launch, boost, cruise, entry, and descent con-
ditions except for the pressure vessels that are designed by the pressure at
the surface of Venus. A lower safety factor, 1. 25, was selected for the
presufe vessel because its critical load is not experienced until the end
of the mission. By testing to structural loads 20% below these ultimate
design levels, no yielding or degradation is 'antiéipa;ted and the tested article
is still a flightworthy unit. Testing to this level is adequate to structurally
qualify the design since it is still 1. 25 times the limit load, Consequently
the hardware cost of the program is reduced, Inthe case of Thor /Delta,
the design is considerably more weight critical, and a lower design ultimate
load factor, 1,25, was used for conditions other than terminal descent where

the pressure vessel was designed for failure at the pressure corresponding

to that at the nominal surface of Venus., For Thor/Delta, then, the structural

qualification tests would have to be conducted at the ultimate design levels.
This would likely result in some yielding or structural degradation and

would preclude using the test article as a flight article.

The testing planned for the large and small probes has been designed
to confirm the structural integrity consistent with a minimum cost by
utilization of existing teat facilities, The tests include critical loading
 conditions for launch and booat, Venus entry, and descent on the appropriate

gtructural elements.

A discussion of the planned test program is covered in the Preliminary
Project Development Plan. Volume [II. Tablee 7.3-6 and 7.3-7 summarize
the anticipated structiral tests and identify the facilities.
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Table 7,3=6,

0]

Structural Test, Large Probe

(1) MARTIN MARIEVTA - DENVER
(2) MARTIN MARIETTA - ORLANDO

l PART CRNCAL CONDITION 1YPE OF 1651 1657 PACILITY
’ 'ngs;gug YESSEL. TERMIMAL DEACENT - PRESSURE (COLLAPSE) HYPERTHERMORARIC CHAMBER (1)

| AEROSHELL AN MM ENTRY BECELERATION STATIC 1657 STRUCTURAL TEST LAB (1)
LOAD CYLINDER MAXIVLIM ENTRY DECELERATION STATIC 1057 STRUCTURAL TEST LAD (1)
LOAD CONE MA¥IMUM ENTY.¢ GECELERATION STATIC TEST STRUCTURAL TEST LAS (1)
DECELERATOR ATTACHMENT FITTINGS PARACHUTE OPENING STATIC TEST STRUCTURAL TEST LAS (1)
EQUIPMENT SUPPORT SHELE MAXIMUM ENTRY DECELERATION CENTRIFUGE TEST CENTRIFUGE TEST FACIITY ()
EQUIPMENT SUPPORT SHELF LAUNGCH VIBRATION VISRANON TEST ENVIRONMENTAL TEST LAD (1)
MORTAR SUPPORT SEAMS MAXIMUM ENTRY DECELERATION CENTRIFUGE TEST CENTRIFUGE TEST FACILITY (2)
MORTAR SUPPORT BEAMS LAUNCH Vit LATION VIBRATION 1£5T ENVIRONMENTAL TEST LAB (1}
WIRE HARNESS ASSEMBLIES JAAXIMUIM ENTRY DECELERATION CENTRIFUGE TEST CENTRIFUGE TEST FACILITY (2)
BASE COVER AFTERBODY VENUS ENTRY PRESSURE (COLLAPSE) STRUCTURAL TEST FACILITY (1)
BASE COVER AFTERIODY LAUNCH ACOUSTIC ACQUSTIC LAS (1)
SEPARATION NUT AZROSMELL RELEASE PUNCEF: . o2 STRUCTURAL TEST LAD (1)
SEPARATION NUT DESCENT CAPSULE RELEASE FUNCTION/SHOCK STRUCTURAL TEST LAS 1)
CABLE CUTTER DESCENT CAPSULE RELEASE FUNCTION/SHOCK ACO'ISTICS LAS (1)
MASS SPECTROMETER CARTRIDGE ACTUATED VALVES FUNCTION/SHOCK ACOUSTICS LAB (3)
COMPONENTS MORTAR FIRING FUNMCTION/SHOCK ACOUSTICS LAS (1)
COMPONENTS SHOCK TEST D FUNCTION/SHOCK ACOUSTICS LA (1)

Table 7,3-7., Structural Test, Small Probe

STRUCTURAL TEST, SMALL PROSE

PART CRTICAL CONDITION TYPE OF Test TEST FACILITY
PRESSURE VESSEL TERMINAL DESCENT PRESSURE (COLLAPSE) HYPERTHERMORARIC CHAMBER (1)
AEROSHELL MAXIMUM ENTRY DECELERATION STATIC Te8t STRUCTURAL TEST LAD (1}
EQUIPMENT SUPPORT SHELF MAXIMUM ENTRY DECELERATION CENTRIFUGE TEST CENTHFUGE TEST FACILITY (2)
EQUIPMENT SUPPORT SHELF LAUNCH VIBRATION TEST ENVIRONMENTAL TEST LAD (1)
VARE HARNESS ASSEMBLIES MAXIMUM ENTRY DECELERATION CENTRIFUGE TEST CENTRFUGE TEST FACILITY (2)
BUS INTERFACE LAUNCH AND SEPARATION STATIC TESY STRUCTURAL TEST LAB (1)
BASE COVER AFTERSODY VENUS ENTRY PRESSURE (COLLAPSE) STRUCTURAL TEST LAB (1)
VANDOW COVER DEROYMENT FUNCTION/SHOCK ACOUSTICS LAB (V)
TEMPERATURE SENSOR DEMLOYMENT FUNCTION/SHOCK ACOUSTICS LAS (1)
(1) MARTIN MARIETTA - DENVER
(2) MARTIN MARIETTA - ORLANDO

ARG SR
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7.3.6.1 Pressure Vegsel Dcﬁisq '

¢

The pressure vessels for Atlas/Centaur small and large probes are

spherical shells made from 7049 -T73 aluminum alley forgings. This alloy

has good strength propertics and a low susceptibility to stress corrosion ' , -
4

cracking, 'The Ther/Delta pressure vessels, a sphere on the large probe <

and an oblate spheroid on the small probes, are fabricated of 7049-T73 .

aluminum and 6A -4V titanium, respectively. The titanium alloy was -

selected since it retains good strength properties at the 532°K (498 F) \O"“
i

experienced at the termination of descent,

The spherical pressure vessel design was based on results of a Martin
Marietta initiated Research and Deveiopment Test Program conducted . !
since mid-1970. The purpose of this program was to develop the technology
required to design, fabricate, and test a structural thermal housing for a
descent probe. The task accomplishments to date include fabrication and
test of both titanium and aluminum simple monocogue hemispherical domes. | B 2

Penetration bosses were included on three of the aluminum domes. Future

teste to be conducted in 1973 include an aluminum and a titanium sphere with

penetratmn bos ses. -

' The results of the tests on metal hemispheres conducted to data are
shown in Table 7. 3-8 which includes the failing pressures, measured
wall thicknesses and diameters, and material properties for the test
articles. The presence of the penetration bosses was found not to reduce

' the collapse pressure load carrying capability of the aluminum monocoque

kemispheres tested.

o An analysis was performed to evaluate the design of penetration bosses
in spherical shells. This resulted in the development of design curves that
can be used for establishing the optimum dimensions for bosses in thin-
walled shells. These curves are shown in Figure 7.3-17, 18, and 19, As
noted earlier, the sclected Atlas/Centaur pressure vessel design incorpo-
rateé a thicker walled ring, or "belly band," for mounting the sensors and

feedthroughs and thus avoids the need for individual bosses.
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Table 7.3-8, Hemisphere Test Program Results

MAXIMUM COLLAPSE
ACTUAL ACTUAL COMPRESSIVE PRESSURE BASED
INSIDE WALL COLLAPSE  MEMBIANE COMPRESSION YIELD STAENG TH ON YIELD STRENGTH

HEMISPHERE DIAMETER THICKNESS PRESSURE TRESS AT COLLAPSE OF MATERIAL OF MATERIALS

SERAL NO. M (N M (N NCME OSi) ncml esn r/cnd  psh n/emd psi
v 0.2 9.7 0.411  G.1e2 13 1678 35728 51 100 a1 364 60000 1298 70
10 02w 0.400 0,159 ne s %745 53300 04 000 130 1930
" 0.2 W7 0.414 0,180 N9 1650 M4 30000 4 34 60000 145 190
T 0.2 9.7 0.457 0.1% o 1o MW 5290 41364 60000 o 2190
2 0.2 W7 5989 0292 wnr 208 357 51 600 4% 8000 14 2020
) 0.2 19.75 0.5% 0,234 7 2400 %1% 52500 434 40000 10 10
" 0.2 978 0.7 0.2 s 2978 N7 800 4124 60000 wr o
5 0.2 9.7 0.0%0 0,23 e 200 S0 5900 4124 6000 e XN
6 0.2 1973 0.635 0.240 e 2990 71 M0 41984 60000 s 2080
7 0.2 975 0.5% 0.220 W3 240 W67 3100 4124 50000 920 240
2 “9 .40 0.47 0.0 2409 210 72110 104 600 200 129 400 082 MR
2 9 2160 0.460 0.101 2018 39 74 458 108 000 208 129 400 4 4300
25 9 2.8 0.467 0.184 29 U 70208 102 100 208 129 &0 09 40
» M9 .40 0.307 0.2 140 2243 423 100 700 9755 141 500 arn n%
» 49 2.0 0.320 0.7 1620 23%0 @ "o 97 550 141 500 ™e 30
@ %9 2.0 7O € TESTED !N 1973 104 0 151 000
2 4.9 2180 10 8 TESTEO IN 1973 104 099 151 000
NOTES:

PENETRATION BOSSES 0.4-INCH THICK,
2. DOME SERIAL NO. 23 THROUGH 23, 33 AND 39, 41 AND 42 ARE TITANIUM GAL-4V SIMPLE MONOCOQUE.
3. DATA (S FROM MMC REPORT NO, 0-72-48771-004.

1. DOME SERIAL NO. 5 THROUGH 15 ARE ALUMINUM 2014-T4 SIMPLE MONOCOQUE EXCEPT FORNO. 3, &, AND 7 WHICH INCLUDE

Q.10

oo
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figure7.3-17. Boss Dimensional Parameters
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Figure 7,319, Design Chart - Symmetricat Bosses

Rib Stiffened versus Monocoque Design

Evaluation of rib stiffened shell designs showed that for a triangular

-b stiffened aluminum shell a slightly greater weight was required than

r a monocoque design. For titanium, which is thinner and is influenced
ore by buckling criteria, a rib stiffened design was found to result in
sproximately 6% weight reduction over the monocoque design at the

22 N/cm2 (2250 psi) collapse pressure used., With the current design
~essures, 945 N/cm {1370 psi) a greater weight saving, approximately
7% would be possible in the rib stiffened titanium design over the mono-
»que design. In aluminum, however, the monocoque design is still lighter
an the ribbed stiffenied configuration, With either material, the mono-
#que designs have been selected because the cost of the intricate machining
=zquired for the rib stiffened shells is not warranted,

To use the design curves for design of penetration bosses, it is
=cessary to know (t/R) of the shéll to be penetrated, and d, the radius

7. 3-48
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of the required hole. Simply locate the point whose abcissa is t/R and
whose ordinate is d/R and estimate the associated values of a/R and t/
and calculate a and . These are the required dimensions «f the rein-
forcement ring which will elastically replace the shell material removed.

Curves for symmetrical and external bosses are ghown.

Design Curves for Monocoque Shells

Plots of the MMC test results on monocoque shells are shown in
Figures 7.3-20 and 7.3-21. The aluminum tests were conducted on 19, 75~
inch inside diameter hemispheres. The data have been adjusted and plotted
based on a 0.559 m (22.0 in.) diameter which is the baseline Thor/Delta
large probe size. The results show relatively little scatter between test
specimens. A literature survey of experimental results of monocoque
spherical shells tested under external pressures showed that accurately
machined or formed specimens showed close correlation with the MMC
test results.
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hnmm'mu/nzm)nh—-
|
4;* T

$
g
T 7T

DATA OSTAINED FROM 19,75 IN, DIAMETER HEMISPMERES
CORMEATED 10 22.0 IN, DIAMETER

—
25000 9.07(0) 13,600 101460 22.60(%) .7 @)
WEIGNHT OF 55.9 CM 22,0 IN. DIAMETER ALUMINUM SHEU. (SMRNCAL)
EXCLLSIVE OF RANGES, 00SSES, ETC,, KG 48.)

tigure 7,3-20. Weight of%5,9cm 2.0 n.) Dismeter Aluminum Shef!
(Sphevical) Exclusive of Flarmes, Desses, ac., kg (b
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Figure 7.3-21. Weight of 55,9 cm (22,0 in. ) Diameter TRanium
Shell (Spherical) Exclusive of Flanges, Bosses,
., kg (ib)

Design curves based on the test data are also shown in Figures 7. 3-20

- 2 E 2
and. 7. 3-21 along with the classic buckling equation P__ = —_— (t— ,
cr 2\ \R
o 3 (1-u
s . _ t "
and the strength critical equation, PYIELD =2 Fcy (R\) . A comparison .. . .

of the aluminum and titanium design curves is shown in Figure 7. 3-22.

758 (‘mT- DESIGH CUPVES TIANIUM 8AL -4V

AT ROOM TEMPERATLIRE
s
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FAILING EXTERNAL PRESSURE - N/ACME (PS))
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Figure 7.3-22. Welght of 5.9 cm (22.0 in. ) Diameter Shell
(Spherical) Exclusive of Flanges, Basses,
Qic., kg ()
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e 2.3

In the externally insulated design concepts, the pressure vessel is
subjected to moderately increasing temperatures as the probe descends
through the Venus atmosphere. The resulting reduction in material prop-

erties is accounted for in the sizing calculations of Section 7. 4.

A preliminary analysis indicates that the deflection of the shell caused
by external pressure is nearly equal to the expansion due to the increased
temperature; therefore, no thermal stress problem is anticipated.

7.3.6.2 Aeroshell Analysis

~ Analysis of the aeroshell forebody structure consisted of comparison
of alurainum and titanium in both honeycomb and ring stiffened configurations.
The general stability of the structure was included as well as local buckling
of skin and crippling of flanges of the frames. The maximum loading con-
dition results from the pressure loading at the maximum dynamic pressure
entry condition at which time structural temperatures have not started to
rise. Thermal stresses, however, do occur after soak-through of aero-
dynamic heating takes place. The frame spacing and skin thicknesses re-
sulting from the maximum load condition were found to resist thermal stress

buckling up to a temperature of 541. 5°K (515°F). (See Figure 7.3-23)

' This temperature was thus established as the requirement on the heat shield
design. A comprehensive tradeoff study increasing structural gages and
requiring heat shield thickness to optimize the buckling temperature was
not conducted. - The 541. 5°K (515°F) is near the maximum value that could
be used with aluminum and is thus probably close to the optimum weight
design.

The small probes are designed by the maximum dynamic pressure
during entry, but also have to withstand buckling. The maximum temper-
ature, 755°K (900°F), occurs at the end of the mission ard also after entry
heating soak-through. The smali probe aeroshell is stabilized against
buckling by the rigid insulation between the pressure vessel and the aero-
shell. The MIN-K TE 1400 insulation used has a compresasion allowable
higher than the maximum pressure resulting from the Venus entry environ-
ment. The stress strain curve for the material (Figure 7.3-24) indicates
that the Thor/Delta insulation deflection is 0. 20 cm (0. 08 in,) for an entry
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HEAT SMI&%TNICKNESS

BUCKLING STRENGTH (SKIN}

sTESs, N/em? KS1)

STRESS N/em?

SKIN SACKFACE TEMPERATURE X F)

STRAIN cm/em

Figure?,3-23. Large Probe Thermat Stress and Skin Buckling Figure 7,3-24, Stress Strain C t N
Allowable vs Back Face Skin Temperatures urve for MIN-K TE 1400

2 .
pressure of 86 N/em” (125 psi) and an insulation thickness of 3 ecm (1, 2 in. ).
Atlg.s/Centaur insulation thickness is 5 em (2.0 in,) and corresponding de-
flection is 0.35 cm (0.13 in,).

7.3.6.3 Structural Dynamics

Dynamic events applicable to the probe were examined to assess their
impact on structural and component design. The goverring events for
preliminary structural design weére determined to be launch acclerations, .
entry accelerations, and entry pressu.res. In addition to analyses of
these governing events, preliminary analysec were performed applicable
to launch and boost acoustics and vibration, hooster, and shroud pyrotech-
nic shock levels at the probe interfaces, entry acoustics, and resulting
induced random vibration, and pyrotechnic shock environments caused by
probe devices. Considering the dynamic events previously described, a

comprehensive test program has been defined for large and small probes.

By performing analyses on all dynamic events considered as possibly
significant in terms of affecting design or reliability, analyses and/or tests

have been defined which can encornpass more than one mission event, and
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yet be performed as one unit, For example, launéh acoustics and enfry
acoustics can be combined in terms of one epectra envelope, for an ana-
lytically determined exposure penod Exposure times are significant in
order to ensure that structural fatigue caused by acoustic loadings are

considered.

Due to the proximity of probe components to the various pyrotechnic
devices, shock was seen to be a significant environment to be considered.
Pyrotechnic shock environments have been estimated at the large probe
equipment shelf for several pyrotechnic configurations, two of which are

" indicated in Figure 7.3-25. The following pyrotechnic conditions were in-

vestlgated (1) chute deployment (drogue mortar), (2) aeroshell separation,

g ,-,,"-{3) chute release (£rom descent capsule), and (4) shock due to the squibs on

~ the spectrometer, At this time the shock agsociated with the descent

REEE ca,psule/aeroshen separation is estimated as a maximum shock response
of 3100 g's at the equipment shelf. The shock level is due to the use of
cartridge actuated separation nu:s as the pyrotechnic source, and is con-
sidered to bz the most severe shock environment estimated as an input to
the equipment support structure at this time. Since the 3100 g-level would
be approximately 5200 g's if the equipment beams were an integral part of

_the pressure vessel, the additional joint provided in the selected design

is highly desirable.

Martin Marietta's considerable exi)erience analyzing and testing pyro-
technic shock phenomena formed the basis for the preliminacy shock environ-
‘ment estimates. In order to more accurately define these shock environ-
ments, however, because of the preliminary designs and generalized joint
configurations available for this effort, a shock test bed fixture is planned -
for the impleméntaﬁoh phase. The shock test bed fixture and supporting
tests will enable flight-pyrotechnic devices, and realistic shock paths and
joints to be combined, resulting in accurate shock environment acquisition.
The shock test bed effort should result in minimum shock environments

being defined at critical locations.

A preliminary dynamic model of the large probe has been developed
and used to provide estimates of constrained mode shapes and frequencies,

Initial results indicate a large probe fundamental frequency range greater
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SHELF INTEGRAL WITH PRESSURE SHELL:

EXPLOSIVE NUT DESCENT
CAPSULE/AE=0SHELL
SEPARATION) ARAS/CENTAUR
AND THO/DELTA

i

#1N PULLER (CHUTE RELEASE
THOR/DELTA DERGN

SHELF MECHANICAL
ATTACHED 1O
PRESSURE VESSEL

FIQUENCY, Hy

Figure7,3-25, Estimated Pyratechnic Shock Response at
~ Lage Probe Equipment Shelt/Descent Capsule

than 50 Hz, Probe mass and stiffness matrixes have also been provided

" for incorporation in the bus/probes modal analysis effort. Probe models

with additional coniplexity will be generated early in the design and test

' phases to provide realistic estimates of loads and possible notching re-

quirements,
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7.4 THERMAL CONTROL

7.4.1 Introduction and Summary of Selected Design

The thermal control svbsystem must maintain ¢ll prebe components
within allowable temperature limits during all mission phases. This re-
quirement was achieved using an essentially passive appi'oacll that provides
a eimple and reliable deaign. The probe thermal control subsystems are
designed to bring payload temperature at entry near the lower end of its
" allowable operating 'temperatufe range., This minimizes the thermal sys-
tem weight by maximizing available payload heat sink from entry to touch-
down on the planet surface. Further, the structural components, e.g.,
the pressure vessel shell and the equipment support structure, are used
as heat sinks in order to derive dual purpose from these elements,

Basic thermal characteristics of the mission allow the thermal in-
sulation and thermal control coatings, the major thermal control subsystem
components, to be designed essentially independent of one another. Thermal

insulation requirements are totally dependent on descent through the Venus
atmosphere. The thermal control coatings on the probe exterior are de-
péndent on cruise conditions and design entry temperature, the coatings
choice being somewhat insensitive to insulation configuration. Also, the
entry payload temperature was found to be indenendent of the probe release
temperature, thus providing an uncomplicated interface between the mission
phases before and after probe release. For these reasons, the probe ther-

mal design is divided into convenient independent parts.

The thermal control approach for the Atlas/Centaur and Thor/Delta
missions is basically the same. In both cases, a pressure protected design
is used with external insulation. The difference between the two designs
is that the extra weight available for the Atlas/Centaur mission is used to
increase thermal design margins. These increased margins, in turn,
allow a decrease in required thermal testing and thus decreased program

costs. These differences arz discussed in Section 3 of Volume II.

7.4"1

oy

i

o




The Atlas/Centaur large and small probe thermal control subsystems
consist of MIN-K TE 1400 insulation, thermal control joint interface mate-
rials, battery and science window heaters, phase change material (eicosane),
and thermal control coatings. Except for the window and battery heaters,
the design is passive both for post-separation cruise and descent phases of
the mission, as well as while attached to the bus. Thermal control coatings
_ on the exterior of the heat shield provide the passive control during cruise
while the thermal insulation and inherent heat sink of the structure, phase

change material and payload passively control temperatures during descent.

Figures 7.4-1and 7 4-2 present the important design features of the

thermal control subsystem for the large and small probes, respectively.

7.4.2 Requirements

Temperature limits and power dissipation for large probe components
are given in Table 7. 4-1; those for the small probe are given in Talle
7 . 4" 2.

Thermal boundary conditions for the descent and post-separation
cruise phases of the mission are given in Figures 7.4-3 and 7.4-4. For
deccent, the boundary conditions are defined by ambient atmospheric
temperature and pressure vs time. The solar aspect angle vs time from
. probe separation to entry provides the boundary conditions during the
cruise phase of the mission. The poser profile given in Section 7.8 shows

the time lines for equipment operation..

Requirements cther than temperature limits that influence thermal
control subsystem design are accessibility of all probe components, com-
pé,tibiiityv with other subsystems, vibration, nyro-shock, and science
window requirements. Compatibility requirements force the use of thermal
materials on the probe exterior that do not outgas, *hereby confusing mass
spectrometer readings. Relative to the science windows, there is a re-
‘quirement to maintain the exterior window surface temperatures above the
local ambient so as to avoid condensation, and to inhibit thermally in-

ducted migration of solid particles to the window surface.

7.4.2
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1D NO

NAME OF 17EM

CESCRIPTIGN

BURROSE

.

e

2

ACE PROPCRTIES

EXTERNAL FORCBODY SURFACE
ICOANNG ON SPHERICAL NOSE
SECTION

MOSAIC TO PRODUCE PRESCRIBED
SOLAR ASSORPTIVITY (¢) TO
EMISSIVITY (00} RATIO §-13-C

WHITE AND IM SLACK VELVEI PAINT

MAINTAIN FORWARD SURFACE AND
PAYLOAC YITHIN PRESCRIBED
TEMPERATURE LIMITS DURING POST.
SEPARATION PHASE

[XTERNAL FOREBODY SURFACE
COATING OH CONICAL
CICTIONS

MOSAIC 10 PRODUCE PRESCRIBED
SOLAR ABSORPTIVITY (@) 10
EMISSIVITY ( € ) RATIO §-13-G
WHITE AND 3Mm BLACK VELVET
PAINT

MAINTAIN FORWARD SURFACE AND
PAYLOAD WITHIN PRESCRIBEC
TEMPERATURE LIMITS DURING POST-
SEPARAION PrASE

HOIEXTERNAL AFTERBODY SURFACE
COATING OMN CQINICAL SECTION

| MIL SHEET OF ALUMINIZEL
MYLAR

MAINTAIN PAYLOAD VATHIN PRE=
SCRIBED TEMPERATURE LIMITS DURING
POST-SEPARATION PHASE

- s
& A i
0,38 Q.88 w
0.4 0.9 4
@

0.10 0.05 '%

THERAAL INSULATION ON
EXTERNAL SURFACE OF PRESSUR':
SHELL

5 CM LAYER OF MINeK T¢ 1400
INSULATION

CONTROL TEMPERATURE OF PRESSURE
anil.sli AND PAYLOAD DURING DESCENT

THERMAL 1SOLATORS IN JOINT
BETV EEN PRESSURE SHELL AND
ECUIPMENT SHELF

0.32 CM LAYER OF ASRESTOS
REVNFORCED PLASTIC 41 RPD
LAMINATE

REQUCE HEAT TRANSFER FROM PRESSURE
SHELL TO ECUIPMENT SHELF DURING
CESCLNT

PHASE CHANGE DEVICE

1.4 KG EICOSANE IN ALUMINUM
CONTAINER VITH ALUMINUM
HONEYC OMS FILLER

CONTROL PAYLOAD TEMPERATURE
DURING DESCENT

GLASS FIBER INSULATION

FA BATT AROUND BATTERY CASE AND|
IN MIN=K JOINTS

THERMALLY 1SOLATE BATTERY FROM
PAYLOAD AND FILL GAPS IN MIN-K
INSULATION

BATTERY HEATER

THERMOSTATICALLY CONTROLLED
20-wATT ELECTRICAL RESISTANCE
HEATEP PER SATIERY CASE

MAINTAIN MINIMUM BATTERY TEMPERAA)
TURE OF 284°K DURING BATTERY
QPERATION

SCIENCE WINDOWV HEATERS

15. WATE ELECTRICAL RESISTANCE
HEATER ON EACH SCIENCE VINDOW
’

MAINTAIN SCIENCE WINDOW TEMPERA.
TURE ABOVE LOCAL sTMOSPHERIC
TEMPERATURE DURING CESCENT

{e) SIMILAR TO VIKING LANDER, ATTACHED ACCORDING TO MMC PROCESS
. §TP-72326, "COATING, FiLM, LOW EMISSIVITY, APPLICATION OF "

VEIGHT gug.mg;_u(— 3
ADHESIVES 0.6
SURFACE COATINGS 0.2
INSULATION, MIN.K 7
INSULATION, FA BATT 0.2
PHASE CHANGE DEVICE 2.8
MEATERS 0.1
SENSORS 0.4
INSULATION COVER 2.0
ANTENNA CABLE COVER 8.1

TO1AL 18.1

** rigura 7.8-2. Alas/Centaur Smalt Probe -
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Table 7. 4‘1.

Temperature Limits,
Large Probe

OPERATING |NONOPERATING | POWER DISSIPATION
INTERNAL COMPONENTS Lmits k) | LimiTS ) (WATT)
TEMPLRATURE- ELECTRONICS 23310 %9 2310 363 0.5
MESSURE GAUGES AMD ELECTRONICS| 233 1O 353 25210 383 0.5
ACCELEROMETER 2310383 7207038 2.3
NEUTRAL MASS SPECTROMETER .psr0Me | om0, .- 10
LOUD PARTICLE SIZE ANALYZER 255 10 398 2031039 2.0
SOLAR RADIOMETER 23370 339 2310 239 4.0
IR FLUX RADIOMETER 21310 39 22810 339 3.0
HYGROMETER ELECTRONICS . 255 10 339 25310 239 0.3
GAS CHROMATOGRAM (a) 255 10 339 255 10 339 4.0
WIND DRIFT RADAR 258 10 239 255 10 239 ©.0
BATTERY ) (b) 286 10 355 255 10 308 8.2
POWER CONTROL UNIT 258 10 239 226 10 37 %.0
DIRLEXER 255 10 342 2310388 2.1
TRANSPONDER 258 10 42 242 10 347 5.5
BATTERY HEATER 255 10 358 256 10 333 20.0 (2 HR)
TRANSMITTER POWER AMPLIFIER 255 TO 239 228 10 339 126.0
ELECTRICAL HARNESS 255 10 339 228 10 239 3.0
RF CARLING $510 552 228 TO 09 0.4
(3 1] 255 10 343 22010 37 5.0
G SWITCH 23310 %7 23310 37 0.0
ENGINEERING INSTRUMENTATION 255 10 339 22810 37 2.0
EXTERNAL COMPONENTS
MORTAR 255 10 339 17210 339
PARACHUTE 2778 10 408 17270 239 P
AEROSHELL ELECTRICAL CONNECTOR| 200 10 367 17210 367
FOREBODY HEAT SHIELD 278 10 37
AFTERBODY HEAT SHIELD 17210 %7
ANTENNA RADOME 172 10 37 o
SEPARATION NUTS 00103%7 | .meiosr f.. .
PYRO INITIATORS 20010%7 | H0TOWT .o
TEMPERATURE SENSOR 23310 798 oM. | -

ANTENNA 20070 272 w1072 |. u
RF CARING 200 10 772 200 10 772
HYGROMETER SENSOR (c) 23310 I7 231037
WIND ALTITUDE RADAR ANTENNA 200 10 772 200 10 772

SAL. THE INSTRUMENT CA

(o) LIMITS SHOWN ARE IN EXCESS OF TEMPE
PROFO!

RATURE ENVIRONMENTS REFERENCED IN INSTRUMENT

N 8¢ DESIANED TO ACCOMMODATE THESE LIMITS witH Mi-

NOR tMPACT.
(n) OPERATING LIMITS SHOWN ARE £OR DESCENT, FOR CRUISE, THE OPERATING LIMITS ARE
K.
(e) Is.’:.gcx‘MINTS ARE NOT REGQUIRED TO OPERATE AT TEMPERATURES N EXCESS OF THOSE

e




Table 7.4-2. Tempecrature Limits,
Small Probe

OPERATING | NONOPIRATING | POWER DISSIPATION

INTERNAL COMPONENTS LIMITS (°Kl LIMITS (°K) (WATT)
TEMPERATURE ELECTROMICS 20210 43 2101 | 0.5
PRESSURE GAUGES AND [LECTRONICS| 253 10 383 253 10 353 0.5
NEPHELOMETER 24310339 20310339 1.0
ACCELFROMETER 235 10 %03 23310 343 1.0
1R FLuX DETECTOR 25510939 | 25310339 1.0
BATTERY (o) 286 10 388 255 10 305 25.0
TRANSMITTER DRIVER 25510339 228 10 339 .0
TRANSMITTER POWER AMPLIFIFR 255 10 339 328 10 339 6.0
BATTERY MEATER 255 10 355 255 10 355 2.0 2.8 HR)
ELECTRICAL HARNESS ASSEMELY 255 10 339 2103 1.1
RF CABLING 255 10 552 228 10 939 0.2
oty 255 TO 343 22810 %67 5.0
G SWITTH 73310 387 233 10 367 0.0
ENGINEERING INSTRUMENTATION 255 7O 339 228 10 347 2.0
STASLE OSCILLATOR 258 10 339 228 TO 339 0.4
POWER CONTROL UNIT 255 10 3% 228 1Q 367 20.0

EXTERNAL COMPONENTS

FORERODY HEAT SHIELD 22810 367

AFTERBODY HEAT SHMIELD 172 10 367

ANTENNA RADOME 172 10 %7

NONEXPLOSIVE PIN PULLERS 200 1O 347 200 1C 387

IR FLUX DETECTOR MIRROR 23310772 200 10 772

TEMPERATURE SENSOR 23310 758 22010 798

ANTENNA | wt07m2 20010 772

(a) OFERATING LIMITS SHOWN ARE FCR DESCENT, FOR CRUISE, THE OPERATING LIMITS ARE
286 10O 305°K.

°°°r TEMPERATURE l
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600 pressure "0
g BN
%
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a
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Figure 7.4-3, Al.cspheric Pressure and Temperslure Versus Time During Descent
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7.4.3 Tradeoffs

7.4.3.1 Pressure-Protected vs Nonpressure-Protected Designs

A tradeoff study was performed early in the program comparing pres-

§
sure-protected designs, i.e., use of a pressure vessel to contain the 3
science and elecironic equipment, as opposed to nonpressure-protected or g

vented designs. The approaches that were investigated are given in the

v‘vfollowing sthdy outliine:
1. Pressure-Protected Concepts
A) Insulation External to the Pressure Vessel

B) Insulation Internal to the Pressure Vessel

1. Multilayer Insulation
2. Fibrous Insulation
II. Pre-Loaded Pressure Vessel
I!I. Pressure Equalized Container
A) Atmospheric Venting
B) Voids Filled
1. Phase Change Material as Filler
2. 400 kg/m> (25 1b/1t>) Filler Material
C) Cold Gae Pressurization

The pressure-protected approaches utilize a pressure vessel which
is designed to resist the total Venus surface precsure. The pre-loaded
approach 18 akin to the coacept used in pre-stressed beams. Here, the




pressure vessel is pressurized on the launch pad to some fraction of the
anticipated Venus surface pressure so that on the surface it must withstand
a compressive pressure equal only to the difference between the internal
probe pressure and the Venus surface pressure. The objective for the | '
pressure equalized approaches is to fill the void spaces in the probes with : b
a material or gas that is maintained at a pressure as close as possible to S
the atmosphemc pressure. For this approach there will be some equipment
components that will require pressure protection, and a small weight al-

location is provided for this purpose.

The tradeoff study results are given in Figure 7. 4-5 and Table 7.4-3,
Iven though the pressure-protected approach requires a relatively heavy
| rressure vessel, this weight is more than offset by reduced phase change
raaterial, insulation, or void filler material requirements. For example,
the atmospheric venting approach requires a large quantity of phase change
~ material to cool the incoming high pressure, high temperature atmospheric @

gases. This is due to the non-ideal gas behavior of high pressure COZ'

. 470
- 4 STRUCTURAL ~ }
o2 ] CONTAINER o @ i ;
g O WEIGHT 2 :
i 10k ) -150 i ;
] 3 5
2 I g
g “r 1% g ; |
z -
g or b 40 % |
1
§ or Ji0 % ‘ ‘
® & i ;
BELLOWS  PC TAAD GAS ° : |
VOIDS FILLED ATMOSIHERIC cOLD GS ~ PRE-LOADED mssuu-noncno
\ NG FRESSUNZATION PAESSURE  EXTHNAL INSULATION

T

INONPRESSURE-PROTECTED

Figure 7.4+5, Nonpressure-Protected Concepts

The study results show that the pressure-protected approach is
lighter than all the nonpressure-protected approaches except for one, the
pre-loaded pressure vessel, and here the weight difference is small, When
consideration is given to the requirement of testing science instruments and
electronics to high pressure levels for nonpressure-protected designs,
the pragram cost impact for high pressure component testing dictates the

pressure-protected design.
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I
PRESSURE- | PRESSURE. N ;
PROTECTED | PROTECTED | PRESSURE- o : .
. . AL | INTERNAL | PROTECTED ¢
ATMOSPHERE voIDs VOIDS FILLED FIBCROUS | MULTRAYER | EXTERNAL | €240 | #RE- "
VENTING | FILLED PCM | FILLER MATERIAL ] INSULATION [ INSULATION | MiN-K 'JAS_LOADLD P
SCIENCE 22.6 22.6 22.6 22.6 22.8 2.4 2.6 | 22.6 b
ELECTRONICS 2.3 21.3 2.3 2.3 21.3 2.3 7.3 | 21.3
INTERMAL EQUIPMENT )
SHELF 2.7 . 2.7 2.7 2.7 2.7 2.7 2.7 2.7 o
["EXTERNAL INSULATION
COVER, SUPPORTS, EIC. 8.6 8.8 8.8 8.6 8.8 8. 0.6 8.6 "
PRESSURE SHELL ] 33,4 28.7 20.0 10.8 s !
EQUIPMENT HOUSING ,l".
{PRESSURE EQUALIZED) 7.7 5.0 5.0 4.7 P
PRESSURE SHELL OR 1
HOUSING CLOSURSS, ETC. 4.1 4 4 8.2 8.2 8.2 40 6.1
THLAMAL INSULATION 70.5 3.0 8.8 1.3 0.8 13.4 2.7 | 16.7
PCM (EQUIPIENT COOLING)| 0.5 0.5 3.6 0.5 0.5 0.5 0.5
PCM (FILLER MATERIAL) { 56.0
PCM (ATMOSPHERE COOLING) ) 85.1
1/C COATINGS 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
COLD GAS 1.6 0.7
COLD GAS BOTTLE 8.7
FILLER MATERIAL 28.0
COMPONENT PRESSURE
PROTECTION 4.5 4.5 4.5 4.5 2.3
TOTALS i'ﬁ,3 128.5 106.9 102.2 4.0 . 9.0 - 101.7 2.0

7.4.3.,2 Pressure Shell Material and Insulation Material Tradeoffs -
Large Probe

The pressure-protected descent tradeoff studies were performed
using a special computer program described in detail in Technical Note
P73-203434-064, This program provides a means for optimization of the
thermal/structural design for planetary descent probes. Probe sizing is
performed by coupling thermal, structural, and descent profile calcula-
tions within a single program to rapidly and accurately estimate probe

weights.

The program incorporates the following features and optione :

1) Pressure shell materials - aluminum, beryllium, or titaniurn

2) Pressure shell configuration - spherical or cylindrical mid-section
with spherical domes

3) Fixed pressure shell weight or calculated from maximum pressure,
maximum temperature, and internal dimensions

4) Thermal insul ition materials - MIN-K TE 1400 or FA fiberglass

5) Thermal insulation configuration - external insulation only, in-
ternal insulation only, or a combination of internal and external
insulation




6) Arbitrary insulation penetration conductance
7) Arbitrary equipment temperature limits

8) Phase change material weight fixed or based on amount required . B
to keep payload temperature below the upper temperature limit '5

9) Descent pricfile computed based on arbitrary pre- and post-
parachute ballistic coefficients arbitrary staging altitude and de-
sign survival altitude ’ S ' ' -

10) Model atmospheres - options of three Venus atmospheres, ﬂ‘ ‘

Using this program, a number of alternative pressure-protected de-

signs were investigated.

o] L "*r—"'" g

Results of the portion of the study dealing with alternative pressure
vessel and insulation designs is given in Figure 7.4-6., This study compares
combinations of externally and internally insulated aluminum, titanium,
and beryllium pressure shell materials with both MIN-K TE 1400 insulation
(320 kg/m3) and FA fiberglass insulation (160 kg/m3 for external mounting,

PR PEE SSINE S

64 kg/m3 for internal mounting). Beryllium did not show a significant
weight advantage and was therefore eliminated from further consideration
because of cost; the cost of a beryllium shell compared to aluminum it b
approximately 10 fo 1. In comparing aluminum and titanium it was found

that if the shell temperature is permitted to rise to a maximum of about

CUT I SRREES TR NCIS N

500°K (440°F), the titanium provides a definite weight advantage relative

to aluminum. Because shell temperatures of this magnitude would cause

severe science integration problems, and consequently a significant cost
impact, a decision wau made to limit the shell temperature for large .
probes to below 422°K (300°F) for Thor/Delta and 380°K (225°F) for Atlas/ |
Centaur. Inspection of Figure 7.4-6 shows that an aluminum shell with an
~ external layer of MIN-K TE 1400 insulation provides a somewhat lighter '(
design than a titanivm shell with the same external insulation, when both are ‘i
sized to meet the 422°K shell temperature limit, The use of aluminum does ‘
not provide as great a strength margin for local hot spots as does titanium;

however the high thermal conductivity of aluminum reduces the likelihood of

- such hot gpots. This temperature spreading effect of aluminum is illustrated
in Appendix 7.4A. Note also that an aluminum shell is approximately one-

fourth the vost of a titanium shell.
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Figure 7.4-6, Large Probe Tradeoft Study

"}

The main reason for selection of MIN-K ig that it represents a lower
cost, lower risk system than the fiberglass, because the molded fiberglass
insulation requires a development program to eliminate outgassing during
descent, whereas the MIN-K does not. This was shown in desceat simula-
tion tests we have conducted on both materials. The required development

activity to preclude outgassing from the fiberglass is estimated to be con-
the somewhat higher fabrication cost of MIN-K.

0 o R S kR

siderably more costly than
A detailed discussion of insulations is given in Section 7. 4. 6.

7.4,3.3 Emall Probe Thermal Design Tradeoffs

Results of tradeoffs for the small probes are given in Figure 7.4-7,
These tradeoffs illustrate the effect of pressure shell materials and inside a2
vs outside insulation on thermal/structural weight. For both the Thor/ L
Delta and Atlas/Centaur missions, the internal insulation approaches were
rejected for the following reasons: (1) science integration problems as-
sociated with a pressure shell temperature just slightly less than the Venus
atmospheric temperature; (2) inner surface-of-the-insulation temperatures
considerably hotter than equipment operating temperatures; and (3) difficul- g
ties inherent in attaching insulation to the interior surfaces of the pressure
- shell. For the weight-critical Thor/Delta mission, the titanium shell with

external insulation was chosen to save weight. An aluminum shell was

again chosen for the Atlas/Centaur mission to save cost,
7.4-11
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Figure 7.4-7, Small Probe Tradeoff Study

7.4,3.4 Other Tradeoffs

¢

Cons1deratmn was given to alternative approaches relative to thermal
control during the time penod before entry. The preferred approach is
thermal isolation of the battery and a thermostatically controlled battery
heater to ensure that at entry the battery is equal to or greater than 286°K
{55 OF), its minimum operating temperature. The payload, other than the
battery, is controlled passively, using external thermal control coatmgs
to ensure an entry »emperature equal to or greater than 255°K (0°F), but no
higher than 305 O°K (90°F). Other approaches that could be used for entry
thermal control are shown in Figure 7.4-8. These include a completely
passive scheme, active control with the battery and payload thermally cou-

pled, and active control with the battery and payload thermally decoupled.

The thermal is~lation of the battery, which is consistent with the pre-
ferred desiyn, wrevents taking full advantagc of the battery heat sink during
descent. Huwcver, if the battery is not thermally isolated the entire pay-
load would have to enter at 286°K (55 9F). This would force a design ap-
proach as depicted in Figure 7.4-8 (b) and yield much smaller margins at D

7.4=12
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Figure 7.4-8. Thermal Control Approaches

entry. With these small margins increased post-separation cruise testing )
would be reqmred. This cost is much greater than the cost of battery :
heaters. The approaches shown in Figure 7.4-8 (c) and (d) require that

the entire payload be heated electrically. Even though those schemes pro-

vide larger thermal margins during descent than the preferred design, they |
were fiot chosen because of their excessive power requiremenis, which in- L

fluence costs adversely. ‘i‘

Probe level tradeoff studies were conducted which examined the im- ¥
pact of varying the descent ballistic coefficients aud the altitude to wl. ch
the probe is designed to suvvive. The tracieoft results showed that increasing :
the post parachute-release ballistic coefficient from 550 to 1260 kg/m J
yields a thermal/structural weight savirgs of ~2.3 kg (5%), and that dc-
signing the large probe for survival to 13 km above the nominal surface
(6050 km) results in a weight savings of ~13. 6 kg, or 32%. These options
were not adopted since selection of che Atlas/Centaur significantly reduced

Iih

o,

the requirement for minimum weight.

7.4=-13




| 7.4,4 Preferred Thermal Control Subsystem, Atlas/Centaur

7.4.4.1 Large Probe

The Atlas/Centaur large probe thermal control subsystem consists
of insulation, thermal control joint conductance material, battery and science
window heaters, pha.se change devices, and thermal control coatings. Figure

7 4- l illustrates. this design.

This thermal design is based on an entry nominal design temperature
of 280°K (45°F) + 25°K (+ 45°F). This ensures that the initial descent
'temperature is higher than the lower equipment operating temperature,
255°K (0 F) For the descent phase, the initial design temperature is taken
to be the upper side of the tolerance at entry or 305°K (90°F). An additional
temperature rise of 16. 6°K (30 F) is allowed during descent to the surface.
This provides a i25 K (+45 F) margin at entry, and a +16.6°K (+30 F)
margin at the planet surface where the nominal temperature is 322°K
(120°F) compared to the upper equipment temperature limit of 338°K
(150°F). Figure 7.4-8 (a) illustrates this approach. ‘

With the choice of alummum for the pressure vessel material and

MIN-K TE 1400 for the insulation, the descent thermal control subsystem is -

designed as illustrated in Figure 7.4-9. Firstan optimum thermal-plus-
structural weight point is found by allowing the structural shell weightto -
vary as dictated by its strength vs temperature characteristics, and pro-
viding sufficient insulation to limit the payload to 322. 0°K (120°F) at impact.

Then the shell weight is fixed, consistent with maximum temperature from

~ the optimum weight point, and the insulation thickness is increased to

determine an insulation thickness that reduces the maximum shell temper-
ature approximately 28°K (50°F). This provides a temperature margin

for both the payload and the pressure shell design, and permits the re-
ductions in testing described elsewhere. These calculations were performed
using the generalized probe thermal/structural design program described

in Section 7.4.3.2.

A 2l-node thermal model was developed for post-separation cruise
studies of the large probe. Steady-state temperatures were calculated for
this model at a number of selected times between separation and entry.
Previous studies have shown that the thermal behavior is psecudo-steady-

state. In order to effectively use the payload mass as a thermal heat sink
T.4-14
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figure 7.4-9. AtlasiCentaur Large Probe Design Calculations

during descent, a relatively low payload temperature was desired at entry.
External surface radiation properties were selected to produce a payload
entry temperature of 280. 4°k (45°F) * 25°K (_-_l-_45°F) and to maintain all
other surfaces and components within their allowable temperature limits.
Because the battery operating temperature is between 286°K (55°F) and

305°K (90°F).' each ba‘terv is thermally isolated from the rest of the pay-

load and its temperature is independently controlied by a 20-watt thermo-
statically controlled heater.

The temperature history of the probe payload from probe separation
to touchdown on the planet surface is given in Figure 7. 4-10, It is epparent
that the payload is maintained well within temperature limits during this
phase of the mission. Note also that a special analysis to investigate the
effect of the entry thermal pulse on the payload was performed and found

to be insignificant.
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Figure 7.4=10. AllasiCerteur Large Probs Paylosd Temparature History
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The large probe thermal designs, both descent and cruise, are in-
fluenced by penetrations through the insulation. The thermal control coating
gelection, which controls cruise conditions, is a function of the penetrations.
During descent, the penetrations influence the insulation and phase change
weight as well as the pregsure shell tempe:ature. The penetration values
are given in Table 7.4-4, and Figure 7.4-11 illustrates the influence of
insulation penetrations on probe weight.

Tazble 7.4-4. Insulation Penetrations for
Atlas/Centaur Large Probe

TOTAL AREA CONDUCTIVITY KA

PENETRATION CONFIGURATION MATERIAL (CMQ) (CM-IK ) ( LK )
PRESSURE CAUGE PORT | 1.6 MM DIA TURE, INCONEL 0.0065 0.194 0.00124

0.13 MM WALL
CLOUD PALIICLE 2.54 CM DIA TUBE, INCONEL 0.405 0.19%4 0.078
ANALYZIR WINDOW 0.51 MM WALL
SOLAR RADIOMETER 2.34 CM DIA TUBE, INCONEL 0.405 0.19% 0.0788
WINDOW 0.51 MM WALL
IR FLUX DETECTOR 2.54 CM DIA TUBE INCONEL 0.405 0.194 0.0786
WINDOW 0.5) MM WALL
GAS CHROMATOGRAPH] 1.6 MM DIA INCONEL 0.0097 0.194 0.0019
INLET PORT TUBE, 0.13 MM WALL
MASS SPECTROMETER 3.1 MM DIA TUBES (12) INCONEL 2.08 0.194 0.400
INLET PORT 0.2MM WALL, IN 7,6 CM

DIA TUBE, 0.76 MM WALL

WIND DRIFT RADAR 5.1 MM DIA POSTS (4) THANIUM 1.88 0.104 0.1925
ANTENNA MOUNTS aIETI'; 7.6 MM x 1.1 MM

STAUCTURAL LOAD | 157 CONE 6.1 CMLONG,| TITANIUM | 18.97 0.104 ren'
CON 0.9 WM THICK
ELECTRICAL LEADS 22 GAUGE (4) corPer 0.013 2.8 0.0501
- 24 GAUGE (78) coreir | 0.160 2.6 0.416
SHIELOS (28) comer 0.291 3.0 (RH
TXA =4
* ADJUSIED FOR 6.1 CM LENGTH 3,10 Wingh
‘

VALUES 8ASED ON LARGE PROBE WITH
Sk ALUMINUM PRESSURE SHELL TEMPERATURE
UMITED 10 204°

DELTA MASS (XG)
w
T

BT T2 LARGE PROBE PENETRATIONS
, "/’*,o— SMALL PROBE PENETRATIONS
]
Qo 11 I i i i . |
0 2 4 [} [ 10 t2 4

vy WATT=-CM
CONDUCTIVITY TIMES AREA OF PENE'ATION, KA, —_—
‘ K

Figure 7.4=1i, Thermal/Structural Mass Sensitivity to Insulation Penetrations

Other thermal control studies conducted include the effect of insula-
‘tion performance on maximum pressure shell temperature., Here a 50%
increase in the effective conductivity of the thermal insulation causes ap-
proximately a 25°K (45°F) increase in the shell temperature.
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7.4.4.2 Small Prohe

The Atlas/Centaur small probe thermal control subsystem consists
of insulatien, thermal contral joint conductance material, battery and
gcience window heaters, phase change: devices, and thermal control coatings.
Figure 7.4-2 illustrates this design. The basic approach (shown in Figure
7.4-8 (a)) for the small probes is identical to that for the Atlas/Centaur
large probe., The determination of the insulation thickness and shell tem-
perature margin was performed as described for the large probe. This

result is given in Figure 7.4-12,

&

SHELL
420 - TEMPERATURE
MARGIN

DESIGN
rOINT

PRESSURE VESSEL TEMPERATURE (%)

THERMA® STRUCTURAL 1ASS (KG)
bd
w

SHELL TEMPERATURE 436°k a0l
m -
20 i ! J ol . [ TOPOR— SR,
1.0 4.0 5.0 6.0 3.0 40 5.0 6.0
INSULATION THICKNESS (CM) INSULATION THICKNESS (CM)

{o' PRESSURE VESSEL MASS VARIAE ¢ (b) PRESSURE VESSEL MASS CONSTANT, EQUAL 1O
» . 4.0 CM POINT ON (o)

Figure 7.4-12. Allas/Centaur Small Probe Design Calculations

The post-separation cruise phase design for the small probes is some-
what more cor. slicated compared to the large probes. For the small probes,
solar aspect angles for the various probes are unequal because of targeting
them to different places on the planet and producing zero angle of at’ack

at entry. With these unequal solar aspect angles and the requirement of
identical small probes, a single thermal coating pattern must be found

that minimizes the payload entry temperature spread. A coating pattern
that meets this requirement and maintains all surfaces and components
within their allowable temperature limits is given in Figure 7. 4-2, This
pattern is based on solar aspect angles consistent with target site B rather
than the preferred mission to site A (see Section 4.2.2.1.) The site B
angles were used since their spread at entry is larger than the site A angle

_ spread, and therefore present a more difficult condition to meet. Previous

studies have shown that the thermal behavior during probe cruise is pseudo-
steady-state; therefore, steady-state analysis is used to wgtablish the entry

7; 4-17
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temperature of each probe. Once a pattern that minimizes the entry pay-
load temperature spread is established, then points are calculated between -
probe release to entry to ensure that temperature limits are met throughout

the prebe cruise phase of the mission. These calculations were performed

using a 28-node thermal'model.

s -

The small probe temperature histories from separatioa to touchdown

on the planet surface are shown in Figure 7,4-13, The penetrations through §
' ‘ 1 . . >
the small probe insulation are given in Table 7.4-5. DA
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Table 7. 4-5. Insulation Penetrations for
Atlas/Centaur Small Probe
conoueTvire 1 ke A ]
TOTAL AREA o7 A w_ﬁm'-
PENETRATION CONFIGURATION | MATERIAL (cyf) (Shasr) |(uad )
PRESSURE GAUGE FORT | 1.6MM DIA TUBE | INCONEL | 0.0083 0.1%4 0.00126
0.13 MM WALL
NEPHELOMETER WINDOWS | CONICAL TUM INCONEL | 0.468 0.194 0.0%
1.65 CM DIA,
0.5) MM WALL;
STRAIGHT TUBE
127 CM DIA,
051 M WALL
1N FLUX DETECTOR 1LOCMOIATUBE | INCONEL | ©.304 0.194 0.050
WINDOW 0.51 MM WALL
ANTENNA SUPPORT LoCMOMTUSE | TANLM | 0.304 0.104 0.0’
0.31 MM WALL
2.6 CM LONGC
HORIZONTAL STAMLIZER | DISC 0.52 MM THICK | TiTANIUM | 7.86 0.104 0.8
NG 33.4CM 0.0.,
Q1CM 1.0,
ELECTRICAL LEADS 24 GAUGE (42) COPPER 0,006 3.0 0.132
SHIELDS (10) COPPER 0104 3es 0,401
K A=1.722 B
* ADZISTED FOR 7.6 CMAENGTH (206 M5ty
AR ST




7.4.5 Preferred Thermal Contrcl Subsystem, Thor/Delta

’Vhe therma) eontrel approach for the Thor/Delta is similar to ‘that
for the Atlaa/Centa.ur, except thai the design entry temperature was 263.7°K ¥

3
(15°%) to +g 3% T?SOF the allowable descent temperaiure rise was from ‘
263. 7°K (15°F) to 339°K (150°F), and titanium was chosen for the small "
probe shell material. All of the differences were chosen in order to save .
weight for the weight critical Thor/Delta mission. ¥

Lie Thor/Delta large probe and small probe thermal subsystem de-

;

"ol

signs are shown in detail in Figures 7.4-14 and 7,4-15, respectively. The

temperature histories from separation to touchdown on the planet surface

are shown in Figure 7.4-16 for the large probe and Figure 7,4-17 for the

small probe.

using the thermal/structural computer program described in Section 7.4. 3.2,

Descent calculations for Thor/Delta probes were performed

Thermal models were developed for probe cruise analysis; the large probe

model contained 34 nodes while the small probe model was made up of 28

nodes.
SURFACE PCSITIONS
10 NO, NAME OF 1TEM ; DESCRIPTION PURPOSE a ¢
| EXTERNAL FOREBODY SURFACE NOSAIC 10 PRODUCE PRESCRIBED MAIN!AIN foctwno SURFACE AND R 0,08
COATINGS SOLAR ABSORPTIVITY (@) AND SAYLOAL WITHIN PRESCRIBED TEMPERATURE
EMISSIVITY ( € ) RATIO $-13.G LIMITS DURING CRUISE AND POSTe
WHITE AND M BLACK VELVET PAINT | SEPARATION PHASES
2 @) EXTERNAL AFTERSODY SURFACE I MIL SHEE! OF ALUMINIZED MYLAR | MAINTAIN PAYLOAL VITHIN PRESCRIBED
COANNGS TEMPERATURE LIMITS DURING POST-
SEPARATION CRUISE PHASE 0.10 0,05
™7 THEAMAL INSULATION ON 7.5 CM LAYER OF MIN-K T 1400 CONTROL TEMPERATURE OF PRESSURE
g::{gmn SURFACE OF PRESSURE INSULAION smtsn. AND PAYLOAD DURING DESCENT
Y
T GLASS FIBER INSULATION FA BATT AROUND BATTERY CASE THERMALLY 1SOLATE BATIERY FROM PAYLOAD
AND IN MIN-K JOINTS AND FILL GAPS IN MIN-K INSULATION
3" CATIERY HCATER THERMOSTATICALLY CONTROLLED 20» | MAINTAIN MINIMUM 8ATTERY TEMPERATURE
WATY mcmcn VESISTANCE HEATER | OF 206°K DURING POISTeSEPARATION
L PER BATTERY CASE CRUISE PHASE
[T SCIENCE WINDOW HEATERS 18- WATT ELECTRICAL RESISTANCE MAINTAIN SCIENCE WINDOW' TEMPERATURE
HEATERS ON EACH SCIENCE WINDOW | ABOVF LOCAL ATMOSPHERIC TEMPERATURE
OURING DESCENT
_

(0) SIMILAR TO VIKING LANDER, ATTACHED ACCORDING TO MMC MP-72226

WEIGHT SUMMARY
(KG)
SURFACE COATINGS 0.7
INSULATION, MINaK 9.7
HEATERS 0.5
SENSOPS 0.4
018 1.3

Figure 7.4=14, ihoriDelta Large Probe
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| ‘ ] SURFACE POSITIONS -
10 NO, NAME OF $TEM DESCRIPTION - PURROSE - a ] -
| JEXTERNAL FORESOOY. SURFACE 7-93 VHITE PAINT . MAINTAITL FORWARD SURFACE AND
COATINGS SPHERICAL NOSE PAYLOAD WITHIN PRESCRIBED LIMITS 0.24 0,52
SECTION DURING POSTSEPARATION PHASE
? EXTERNAL FOREBODY SURFACE MOSAIC 1O PRODUCE PRESCRIBED MAINTAIN FORWARD SURFACE AND 0,37 0.92
CCOATINGS ON LOWER CONICAL SOLAR ARSORPNVITY (@) AND PAYLOAD TEMPERATURES WITHIN
SECTION EMISSIVITY t £ ) RATIO 2-93 WHITE PRESCRIBED LIMITS DURING POST-
AND 3M BLACK VELVET PAINTS SEF A RATION PHASE ‘
3 EXTERNAL FOREBODY SURFACE MOSAIC TO PRODUCE PRESCRIBED MAINTANN FORWARD SURFACE AND 0,42 0.92
COATINGS ON UPPER CONICAL SOLAR AGCSORPTIVITY (@) AND PAYLOAD TEMPERATURES WITHIN .
SECTION EMISSIVITY [ € ) RATIO 2.93 VHITE PRESCRIBED LIMITS DURING POSTe
AND IM 3LACK VELVET PAINTS SEPARATION PHASE M
4 EXTERNAL AFTERBOCY SURF ACE MOSAIC TO PRODUCE PRESCRIBED MAINTAIN AFT SURFACE AND PAYLOAD 0,78 0.92
COATING ON CONICAL SECTION SOLAR ABSORPTIVITY (@) AND TEMPERATURES WITHIN PRESCRIBED LIMITS -
EMISSIVITY ( € ) RATIO 2-93 WHITE DURING POST-SEPARATION PHASE ’
AND 3Mm BLACK VELVEY PAINTS
5 EXTERNAL AFTERBODY SURF 2ACE VACUUM DIPOSITED SILVER ON 1 MAINTAIN PAYLOAD WITHIN PRESCRIBED 0.04 0.04 ‘
C%A%NG ON AFT SPHERICAL MIL MYLAR LIMITS DURING POST=SEPARATION PHASE
SECTION
o TTHERMAL ISULATION ON EXTERNAL] 3.0 CM LAYER OF MIN-K TE 1400 CONTROL TEMPERATURE OF PRESSURE
SURFACE OF PRESSURE SHELL INSULATION SHELL AND PAYLOAD DURING DESCENT
PHASE
7 GLASS FIBER INSULATION £A BATT AROUND BATTERY CASE THERMALLY 1SOLATE BATTERY FROM
AND IN MIN-K JOINTS PAYLOAD AND FILL GAPS IN MIN=K 'ﬂ ‘
INSULATION b
8 THERMAL 150! STORS 1N JOINT 6.32 CMm LAYER OF ASBESTOS REOUCE HEAT TRANSFER FROM PRESSURE d
BETWEEN PRESSURE SHELL AND REINFORCED PLASTIC 41 RPD LAMINATE | SHELL TO EQUIPMENT SHELF DURING
SCUIPMENT SHELF DESCENT
9 BATTERY MEATER THERMOSTATICALLY CONTROLLED MAINlélN MINIMUM BATTERY TEMPERATURE
20-wATT ELECTRICAL RESISTANCE OF 286°x DURING POST-SEPARATION
MEATER PER BATTERY CASE PHASE i
10 SCIENCE WINDOY: HEATER 15-WATT ELECTRICAL RESISTANC! MAINTAIN SCIENCE WINDOW TEMPERATURE
MEATER ON EACH SCIENCE WINDOW ADOVE LOCAL ATMOSPHERIC TEMPERATURE
DURING DESCENT |
.
- .
WEIGHMT SUMMARY )
KG)
SURFACE COATINGS 0.0 - [
INSULATION, MIN-K 2.8
HEATERS 0,1
SENSORS 0.t .
TOTAL 3.1 A
%
\ 8
Figure 7.4-15. ThoriDelta Small Probe -
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figure 7.4-16, Thor/Delta Large Probe
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Figure 7.4-17. Thor/Delta Smalt Probe

7.4.6 Supporting Analysis and Tests

7.4.6.1 Atlas/Centaur Design Calculations

After having decided to use aluminum for the pressure vessel raate-
rial and MIN-K TE 1400 insulation, the descent thermal control system was
designed as follows. Identification of the optimum designs was made by
varying insulation thickness which, in turn, affects the pressure shell
weight and the required phase change material weight. An example of these
calculations is given in Figure 7.4-9. In Figure 7.4-9 (a) the insulation
thickness is varied and for each insulation thickness the pressure shell
thickness is found consistent with its maximum temperature; phase change
is added, as needed, to limit the payload temperature to less than the
maximum allowable. From these calculations the pressure shell weight and
maximum temperature are determined for the minimum weight design.
This shell weight is held constant and insulation is added in order to reduce
¢ maximum shell temperature approximately 28°Kk (50°F) to provide a
thermal margin for the pressure shell design. This calculation is illus-
trated in Figure 7.4-9 (b). These calculations were performed using the
generalized probe thermal/structural design program deccribed in Section
7.4.3.2,

7.4,6,2 Insulation Thermal Performance

S'mmary. A coupled experimental/ analytical study was conducted
to establish the performance of thermal insulations in high pressure COZ'

The experimental work consisted of steady-state gaarded hot plate con-

~ ductivity tests to 125 atmospheres and transient Venus descent simulation
7.4-21
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tests. Permeability and adsorption tests were also conducted on candidate
insulations. Analytical studies included the determination of effective con-
ductivity values from transient test data, .he thermal modeling of mass
transfer effects, and the investigation of free convection within the porous .
snsulation. The mass transfer is potentially an important consideration “)
since energy will be transferred into the insulation as atmospheric pressure

jncreases during a Venus descent, forcing high pressure, high temperature ‘

gas into the porous insulation. rn

Results of this activity have established that mass transfer effects i
are relatively unimportant, while free convection and probably adsorption
are quite important, These effects have been found to degrade insulation
conductivity by up to a factor of four; however, a factor of two is achievable
with the preferred insulation, MIN-K TE 1400. This study also established
that water vapor in a CO2 environment has little effect on insulation per-
formance, and established high vacuum conductivity data for MIN-K TE 1400. -
All design analyses performed in the final designs utilized effective con- ‘
ductivities derived from near full-scale descent simulation testing. The .-
following paragraphs describe the insulation studies including testing con- | : ..

ducted in parallel IRAD programs.

Steady- tate Conductivity Tests. The thermal conductivity of several

candidate insulations was determined by Dynatech R/D Corporation under
contract to Martin Marietta. This test program consisted of screening
tests in which five insulation materials were evaluated in CO2 to a pressure
of ~30 atmospheres. This was followed by high pressure tests, to ~125
atmospheres, with MIN-K TE 1400 being tested in CO2 and helium environ-
ments, while FA fiberglass was tested in COz only. The materials tested
to 30 atmospheres were MIN-K TE 1400, MIN-K 1301, FA fiberglass,

palarite, and silfrax.

Results of the guarded hot plate steady-state tests are given in Figure
7.4-18. For these tests, insulation samplec were 2.54 ¢cm (1.0 inch) thick
and were tested in the horizontal position. The density of the MIN-K was
320 kg/m3 (20 1bm/ft3), while the FA fiberglass was 128 kg/m3 (8.0 1bm/
ft3). The conductivity valurs are in the range to be expected considering

the conductivities of the basic insulation and the COZ'
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MINK TE 1400 (320 KG/M)
FA FIBERGLASS (128 KG/M%) }
TEST PERFORMED IN €O, ENVIRONMENT

0,12¢
£a 1,262 107 /M2 o
0.0} ™N ’
i ™
% Fb 5.6 x 10% N/M? .
£ 0.0} _—
& MIN-K1.27 x 107 N/M \
z o
z - 2
5 MIN-K 5.5 x 10° N M
g o.osb o l
2
8
: Fa10° N/M2
3 004 %
MIN-K 10% n/m? §
0.02—
P L " A i
"0 300 400 500 600 700
MEAN TEMPERATURE (K ]
Figure 7.4-18, Thermal Conductivity Versus Temperature & =
Various Pressures
To provide an independent check on the Dynatech steady-state data, [
tests were also performed at Martin Marietta Denver Division on MIN-K i
TE 1400 and TG 15000 fibrous insulation. The TG 15000 is a FA fiberglass i
i
§

insulation with a binder added which allows forming the insulation in rigid
shapes. These test results are shown in Figure 7.4-19. Included in these
tests was a MIN-K TE 1400 sample configured so that the heat transfer

is parallel rather than normal to the major plane of the as-received insula-
tion slabs. The conductivity values for the "parallel' orientation are ap-
proximately 30 percent higher than the ''normal" orientation., This is an
important point because the fabrication of the MIN-K requires roughly 50%

of the insulation to be installed with a parallel orientatior. on the pressure

shell.

Tests were performed at Martin Marietta Denver Division on MIN-K
TE 1400 at high vacuum, low temperature conditions. These tests were per-
formed to provide data for cruise calcnlations, such data heing unavailable
in the literature. The results of these tests were conductivities of 0.0021
watts /m-K (0. 0007 Btu/hr-ft-°F) at 228°K (-50°F) and 0. 026 watts/m-K
(0.0015 Btu/hr-ft-°F) at 283°K (+50°F), both tes* points at a pressure of

1.33 x 103 N/m? (10°> torr).
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FA FIBERGLASS (128 KG/MY)

0.03 1G 15000 MOLDABLE FIBERGLASS (210 KG/MY
MINSK TE 1400 (320 KG/M
TESTS PERFORMED 11v COp ENVIRONMENT
MARTIN MARIETTA DATA
o= == = DYNATECH DATA
i
g - MINeK
£ o.
3
z
3
-
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:
v} P NORMAL
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2
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Figure 7.4-19, Thermal Conductivity Versus Pressure & Mean
Temperature of 322°K

Transient Tests. Descent simulation tests have been performed on

several insulations using a number of insulation/heat sink configurations.
Table 7.4-6 lists the matrix of the transient tests. Figures 7.4-20 and
7.4-21 show the Martin Marietta descent simulation facilities used to per-
form these tests. The mini chamber shown in Figure 7.4-20 has a cylin-
drical test volume of approximately 25.4 cm (10 inches) diameter by 84 cm
(33 inches) long. The Venus descent is simulated by manually controlled
pressurization and heating systems. Heaters are provided both internally

and externally to the chamber,

Table 7.4-6., Descent Simulation Tests

INSULATION INSULATICN
Test INSULATION DSNSWV 3 THICKNESS
NUMBER TY8E KG/MY (LBMFTT) CM (IN.) HEAT SINK DESCRIPTION COMMENTS
t MIN-& 1301 w2 (18.2) 2.%4 (1.00) SOLID ALUMINUM CYLINDER MINE CHAMBER
$.1CM (2.0IN.) DIA, 25.4 CM | TEST Wit CO,
(10 IN.) LONG ATMOSPHERE
2 FA FIRERGLASS " 2.3 2.54 (1.00) SAME AS TEST ) SAME AS TEST ¥
3 FA FIBERGLASS 83 (5.2) 4.3 (1.9} SOLID ALUMINUM CYLINDER SAME AS TEST 1
10.2CM (4 IN.) DIA, 25.4CM
(10 IN) LONG
4 FA FIBIRGLASS 8 5.2 4.8 (1.90) SAME AS TEST 3 MINI CHAMBER TEST
WITH | TO 25%
WATER VAPOR IN JECTED
100, ATMOSPHERE
S FA FIBERGLASS 6 4.3 3.97 (1,.%) SOLID CAST {RON SPHERE SAME AS TEST )
12,5CM (4.94 IN ) DIA
(] FA FIBERCRASS 120 8.1 31.00.8) SAME AS TEST 3 SAME AY TEST )
7 MIN-K TE 1400 320 (20) 2.54 (1.0 SORID COPPER SPMERE SAME AS 1E51 )
15.2CM (6.0 IN.) DIA
] MIN-K TE 1400 30 (20) 3.43 (1,39 SPHERICAL PRESSURE MIDI CHAMBER
VESSEL $3.5 CM (20,23 IN,) TEST WITH CO,
DIA, 0.635 CM (0.25 IN.) ATMOSPHERE
ALUMINUM WALL
9 MOLDED 210 (13.2) 3.5 0.8 SAME AS TEST B SAME AS TEST &
FIBERGLASS . . . .
1G 13 000 .
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Figure 7,4-20, Mini Descent Simulation Chamber
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figure 7.4-21. Midi Descent Simylation Chamber
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The midi test facility is a modified hydrostatic test chamber in which i
Venus descent conditions, i.e., CO2 gas rapidly increcasing in temperature Ry,
and pressure versus time, can be simulated for a full-scale test article.

Figure 7.4-21 is a sketch of the midi facility. In order to protect the hydro-
static pressure vessel from high temperature and to minimize the CO2 re-
quirements, a steel liner 1s used with N_ pressure controlled in concert
with the C:(I)2 so that a relatlvely small pressure d1fference is maintained

across the liner. P

Inside the liner is a spherical blanket heater that heats the CO2 to
the descent profile teinperature. Ceramic insulation behind the blanket
heater insulation protects the liner from the high temperature COZ' The i

N

working volume available inside the blanket heater is spherical, 74 cm

(29 inches) in diameter.

Because water vapor is believed to be a constituent of the Venus at-
mosphere, a test was performed to address the problem of condensation on 'Y
and within the thermal insulation. For this test, water vapor was introduced
into the CO2 atmosphere during a simulated Venus descent insulation test. - _ :

The test article was an aluminum heat sink insulated with fiberglass, The o

results of this test are contrasted to an identical test without water vapor v o i '
in thm‘e 7.4=22. Even though approximately 25 percent by weight of

~ water vapor was intr Auced into the atmosphere, the net heat transfer was
the same for both tests. Because current estimates of the percent of water ‘
in the Venus atmosphere are ~1% and since water is the atmospheric trace §
compound that has the greatest potential for influencing insulation per-

formance due to condensation, it is felt that condensation is not a problem.

_ Analzsis

1) Computer Program to Determine Effective Thermal Conductivities

from Transient Tests. This program is used to correlate transient test

data. The heat sink temperature and insulation surface temperature from
the transient testing 1e input to the program. With this information, the
program computes the overall effective conductivity of the insulation.

The thermal capacitance of the insulation is accounted for; however, mass

transfer effects are ignored. These effects, therefore, are lumped into
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Fiqure 7.4-22, Descent Simulation Test Results With and Without
Water Vapor in COZ Atmosphere

the overall effective conductivity. Applying this technique to the experi-
mental data from Test 7 (Table 7.4-6) results in the conductivity values

shown in Figure 7.4-23,

02 [ATA BASED ON RUN 7
TABLE 7.4:8.
g 0.15}
5
2
>
[
£ 0.0
go
[+}
g
5
(V)
& 0.08
[\ L 3 1 i 1 i 1

COMPUTED,

" NEGLECTING

MASS TRANSFER

~—-— COMPUTED
ACCOUNTING FOR
MASS TRANSFER

0 10 2 3 4 50 &
THME (MIN)

Figure 7,4-23, Effective Thermal Conductivities Derived From Test Data

2) Insulation Thermal Model Including Mass Transfe;‘ Effects. 'I‘his

computer program models a Venus probe insulation system including mass

transfer effects. The mass transfer is caused by migration of atmospheric

gases into the porous insulation as the ambient atmsopheric pressure in-

‘creases during descent, When these atmospheric gases enter the insulation

systern, they provide an input energy that must be accounted for in the over-

all insulation energy balance.
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The model that has been developed is a generalized thermodymmic
simulation of the overall insulation system. This model accounts for the
internal energy associated with incoming gases, the compression and in-
ternal energy changes of the gases within the porous insulation, and heat )
transfer through the insulation/gas system. Real-gas properties are used -
for all aspects of the modeling along with the high pressure guarded hot-
plate insulation conductivity data. An example of the results of this pro-
gram is given in Figure 7.4-24. +

3500 5 -
DATA BASED ON RUN 7 %
TABLE 7.4-6.
1851 ‘
DATA
340 b=
73
<0
< sk
s PREDICTED USING STEADY-
5 STAIE CONDUCTIVITIES, :
g MASS TRANSFER ACCOUNTED FOR ‘o
2 w0 / \
4
z
v
- -,
220
-
PREDICTED USING STEADY-
STATE CONDUCTIVITIES
MASS TRANSFER NEGLECTED

290 L 1 A ] i 1 J
0 10 20 30 40 50 60 70 80
TIME (MIN)

Figure 1.4-24, Comparison of Test Results With Anaiytical Predictons
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3) Free Convection Within Porous Insulation. Free convection within
the insulation at high pressure levels is a distinct possibility. If present,

the free convection has a serious degrading effect on the insulation per-

formance. This problem is t.usual relative to insulation systems and,
indeed, is not mentioned in twelve current heat transfer texts., Work in

the area of free convection in porous media, however, has been performed
in the oil and gas industry relative to reservoir engineering problems. The
parameter which defines the onset of convection in a porous media is the
Rayleigh number times the Darcy number and is given by:

R D = f8gATLCpK
a a nk.
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where
p = density
] = coeificient of volumetric expansion
g = gravitational acceleration
AT = characteristic temperature difference
L = characteristic length
Cp = specific heat
K = permeability
] = viscosity
k = thermal conductivity

Once the critical value of the Rayleigh-Darcy number has been reached,
the free convection becomes stronger with increasing values of this number.
It is interesting to note that the gas properties (P2 B Cp/uk) are a strong
function of temperature with this grouping, decreasing with increasing
temperature, thus, to help avoid free convection the pressure shell (insu-
lation interior) should be designed to run hot. A plot of (P 2 B Cp/uk) for
CO2 at constant pressure of 100 atmospheres shows that at about 422°K

(300°F), the strong variation with temperature ceases; it is at the lower
temperature that large values of the Rayleigh-Darcy numbers tend to exist.
The other large contributor to the Rayleigh-Darcy number is the perme-=-
ability. It is obvious that an insulation with as small a permeability as

is possible should be used.

The permeability values used in the free convection correlations were
obtained from tests performed by Core Laboratories for a Martin Marietta
IRAD program. These tests were performed in air at room temperature.
For the MIN-K TE 1400, cylindrical samples were cut with the axis of the
samplé normal, parallel, and at 45° to the major plane of the as-received
insulation slab, The results of tests performed on these samples showed
that permeability values are insensitive to orientation. These tests w'e”i'e .
confirmed by tests performed at Martin Marietta Denvvevr using a specially |
fabricated test apparatus which allowed testing at high temperature with a
co, test fluid. The important result here is that the permeability of MIN-K
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TE 1400 is approximately 0.01 Darcys, over an order of magnitude less
than for fiberglass. Aleo, the permeability of the MIN-K is not a strong

function of temperaturc.

Adsorption" Effects

It is known that COZ is adsorbed by fibers similar to those of the
candidate insulations, The adsorption process is exothermic and reprecents
an encrgy release in the insulation during descent. In order to investigate
this phenomenon tests were performed on £.25 cm (3.25 inches) diameter
by £.25 cm (3.25 inches) long insulation samples fitted with thermocouples
and placed ina 8.6 cm (3.4 inches) diameter by 15.2 cm (6 inches) long cylin-
drical pressure chamber. The chamber and iasulation were first evacuated
and then pressurized to 530 psia. Results of these tests with MIN-K TE 1400
insulation and '.'02, NZ’ and He are shown in Figures 7.4-25, 7.4-26 and
7.4-27, respectively., For all of the gases a thermodynamic calculation
of the filling process predicts a temperature rise of approximately 1°K

(20°I-") if adsorption effects are neglected, From low pressuzc adsorpticn

data, the degree of adsorption increases from He to N, to CO, with the He -~
yielding little or no adscrotion, Inspection of the results shows that the He .

response is consistent with the therinodynamic analysis which neglected
adsorption effects. The N2 and CO, results are consistent with the assump-
tion that adsorption occurs. The C()2 results yield a temperature rise of
approximately 16. 6°K (30°F) above the rise expected due to the filling proc-
ess (adiabatic compression). This magnitude of temperature rise suggests
that adsorption is a significant factor relative to insulation performance.

A COZ test with FA fiberglass showed gimilar results, With the awareness
of this phenomenon, together with free convection and mass transfer, it is
felt that all significant factors relative to insulation thermal performance

‘are known.
Results and Conclusions

A comparison of the steady-state conductivities with the conductivities
analytically derived from the transient tests showed that the conductivities
from the transient tests were much larger than the steady-state values for
a number of the tests. A special analysis, which accounted for mass trans-
fer effects, migration of atmospheric gases in the porous ingulation, failed

to account for much of the differences; this result is shown in Figﬁré 7.4-24,
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Figure 7.4+25, Thermal Response of Insutation to Co2 filling Process
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figure 7,4-26, Thermal Response of insulationto Nitrogen Filling Process
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Figure 7.4-27, Thermal Response of Insulation to Helium Filling . e e

Factoring free convection effects in the analysis of che “ransient data provid.
ed an explanation for the FA fiberglass transient performance but fai'ed to
explain the MIN-K TE 1400 performance based on two descent tests. This
result is shown in Figure 7.4-28. Here the solid curves are taken from a2
paper by B. K. C. Chan, et al., ""Natural Convection in Enclosed Porous
Media with Rectangular Boundaries,' Journal of Heat Transfer, Fecbruary
1970, ASME, | |

— Lo

4= O FIBERCLASS

- © MIN-K TE 1400
L'D:10

Qo

\ano.s

] -
. 0.1 ' 10 100 1000
it RAYLEIGH NUMBER x DARCY NUMBER

NOTE.
1. - K = CONDUCTIVITY FROM TRANSIENT TESTS
. x_ = CONDLICTIVITY FROM GUARDED HOT PLATE STEADY-
o 9@ STATE TESTS (NO FREE CONVECHON)

. Figure 7.4-28. Correlation of Transient Test Da With free
Z. Convection Effects
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The MIN-K TE 1400 performance in the transient descent tests re-
sulted in an effective conductivity of approximately twice the steady-state
values. This difference is concluded to be due to the sum of three things;
the insulation being oriented on the probe so that the heat transfer is parallel
to the major plane of the as-received insulation slabs (Figure 7.4-19); the
mass transfer contribution; and the adsorption of CO2 {n the insulation fibers.
All the design calculations given in this report were based on conductivities

derived from the transient testing.

- 2.4,6.3 Insulation Outgassing and Interaction with Venus Trace Compounds

Because outgassing of thermal insulation could influence mass spec-
trometer readings or produce pro ‘ucts that could condense on the science
windows, a test was conducted to investigate this potential problem area.
The test setap consisted of a Venus descent simulation chamber with two

mass spectromaters connected to the chamber. A descent simulation

 run was monitored by the mass spectrometers with the chamber ¢mpty in

order to establish a "background'' condition. Then insulation samples,
run 1 MIN-K TE 1400 and run 2 moldable fiberglass TG 15000, were placed
in the chamber along with a contamination source, NH4 HFZ' This source
was included since it reacts to form NH3 and HF; the HF being the Venus
atmospheric trace compound that would most likely interact with the insu-
lation. The NH, also is considered as 2 potential Venus atmospheric
trace compound. For the descent simulation runs, the concentration of
HF was approximately 1000 times that anticipated in the Venus atmosphere

(based on NASA SP-8011).

For the MIN-K test, absolutely no outgassing or interaction with the
contaminates was observed; however, the TG 15000 evolved benzene in a
concentration of a few parts per 1000 at Venus surface conditions. A
thermogravimetric analysis on the TG 15000 moldable fiberglass a'so
showed outgassing and a residual gas analysis of the materials released
confirmed the benzene. For TG 15000 fiberglass to be considered as a
viable insulation choice, a development program would be required to elim-

inate the outgaseing problem.
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7.4.6,4 Insulotion Mechanical Performance

Both MIN-K TE 1400 and fiberglass TG 15000 have been fabricated
and applied to near full-scale large probe pressure vessels. The MIN-K
was only available in 7. 6 c¢m (3 inches) thick slabs so a great deal of
machining was required relative to the fiberglass that was procured in
hemispherical sections. The MIN-K machining was performed by first
rough cutting quarter-ring sections and then finish cutting on a lathe, using

internal and external fixtures. The MIN-K rings were then bonded to a
phenolic backface forming quarter hemispherical sections. These sections

were then attached to the pressure vessel as shown in Figure 7. 4-29. The
fiberglass required minimum machining for fitting over the pressure shell

and was attached to the shell by 2 thin metallic insulation cover.

INSULATION MIN=K UG
/ COVER

T o R e o FIRROUS INSULATION
R = R 1
L L = e ¥

vasinen ) e =T MIN-K INSULATION

PHENOLIC SHEET SONDED
10 MIN-K

/ \- SPACER AND SCREW
PRESSURE VESSEL zgsgfb TO MRESSURE

figure 7.4-29, Attachment Scheme for MIN=K TE 1400

The anticipated configuration of the insulation system for both large
and small probes is MIN-K TE 1400 insulation attached to the exterior
surface of the pressure vessel by an adhesive with a thin metal cover over
the exterior insulation surface. This configuration was simulated for
vibration testing by the test article shown in Figure 7.4-30. Vibration
tests were performed on this test article at levels of 9,1 g-rms for a dur-
ation of four minutes in each of three axes. The shape of the power spec-

trum was:
0,0029 to 0.045 gZ/Hz in the range 200-300 Hz
2
0.045 g /Hz in the range 300-2000 Hz

No mechanical damage of the insulation was detected after performing
this test.
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SCREW BOLTS Z MIN-K TE 1400
ATas2.6 CM SPACING - Te3ACM
F .
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1O PLATE: ALUMINUM PLATE +
PROCESS - STP 60067 UM T
MATERIAL = MMS M358A :

Figure 7.4-30. Vibration Test Specimen

7.4.6.5 Phase Change Device Development

Both the large and the small Atlas/Centaur probes include phase change
material for control of payload temperatures during the descent phase. The
Martin Marietta Denver Division has funded an IRAD phase change study
program during 1971 and 1972. During 1972, phase change thermal conirol
development was also performed under Contract NAS8-28360 for NASA-MSFC.

Under the IRAD tasks, several phase change cells were designed,
fabricated, and tested with materials in the melting point range from 300
to 354°K. The cell designs include an aluminum rectangular cell 7.62 x
15. 2 x 5.24 cm and a stainless steel cylindrical bellows cell 10. 2 em diam-
eter x 7.1 cm long. Both cells were tested with and without metallic honey-
comb fillers. Two types of fillers were used. One filler was constructed
from aluminum honeycomb with hexagonal cells 4 mm on a side and with
0.076-mm wall thickness., A second filler was constructed from aluminum

honeycomb cells with a 0. 254-mm wall thickness.

The phase change materials tested in these cells included octadecane,
docasane, lithium nitrate trihydrate, sodium hydrogen phosphate
dodecahydrate, myristic acid, acetamide and Cerrobend. In the 1971 task,
these materials were tested with the heater on the bottom of the cell. In
1972, a number of these materials were tested with the heater on the top
of the cell to minimize the convection mechanism in the liquid phase and

to simulate more closely conditions in a low-gravity environment.
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These tasks also included the development of a computer program that
analytically models the transient melting process. A model based ona
conduction mechanism in the liquid phase provxded 2 good correlation of
the experimental data. This program provides a design procedure for new
cell designs and facilitates integration of phase change devices in space-

craft thermal control systems.

Under the 1972 NASA contract, the phase change materials cited were
subjected to thermal cycling tests, materials compatibility tests, and sys-
tems operation studies. Methods of preventing supercooling were studied,
Also, candidate materials for low-temperature applications in the melting
temperature range from 173 to 27 3°K were recommended for future in-

vestigation.

7.4,6.6 Power Requirements for Science Window Heaters

The minimum power required to maintain the temperature of a 2,54 cm
(1-inch) diameter, cylindrical science window above the local atmospheric
‘ Atemperature during a large probe descent has been determined both analyti-
cally and experimentally to be 15 thermal watts. If less than 15 watts are
applied to the window, the temperature will drop below the local atmo-

spheric temperature before the probe reaches the planet surface.

Analytical Predictions. The thermal analytical model of the science

window shown in Figure 7.4-31 contained three concentric ring window
nodes, 14 cylindrical nodes along the barrel length, and a heater node.

The transient temperatures of these nodes were calculated for defined at-
mospheric and pressure shell time-temperature profiles and a constant
heater power of 15 watts. The transient temperature response of the center
window node is shown in Figure 7.4-32 for the specified pressure shell and

atmospheric temperature profiles,

Under these conditions, the temperature difference bet;veen the
window and the local atmosphere increases to a maximum of 180°K at 0.25
hours while the probe is in the anticipated cloud layers. After a programmed
parachute release at 0.25 hours, the temperature differences decreased
rapidly to a steady value of about 10°K. A slight decrease in heater power
would cause the window temperature to fall below the local atmospheric
temperature before the probe reached the planet surface.
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Figure 7.4-32, Time-{ taperaure Profiles for One~inch Sapphire Window Witk
15 Watt Heater

Experimental Measurement. The cylindrical window shown in Fig-
ure 7.4-31 was mounted in a2 8.6-cm (3.4-inch) diameter by 15,2 em
(6 inches) long cvlindrical pressure chamber., The chamber atmospheric
temperature was controlled by heaters on the chamber wa'ls and the window

mounting fixture temperature was controlled independently with gaseous
nitrogen coolant. Carbon dioxide was admitted to the chamber according to
a predetermined time-pressure profile and the atmospheric and mounting
fixture temperatures were controlled according to the profiles shown in Fig-

ure 7.4-32. With 15 watts of thermal power applied around the circum-

ference of the window, the temperature at the center of the window responded

as shown in Figure 7.4-32.
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For the first 0.5 hours, the measured window and pressure shell
temperature closely followed the analytical predictions. After 0. 5 hours,
the measured temperatures fell below the analytical curves. After 0. 8
hours, the measured window temperature fell slightly below the measured
atmospheric temperature. The measured window temperature would have
remained above the local atmospheric temperature if the pressure shell

temperature had been allowed to increase at a faster rate.

Conclusion. A minimum of 15 watts of thermal power are required
to maintain the temperature of the 2.54-cm (1=-inch) cylindrical science
window above the local atmospheric temperature throughout the entire

descent phase.

7.4-38




SR L g gari,

e s

SR

7.5 Decelerator

Foil

~ f
o
4,’
Ay
' B
B 1
N, e i
s Ry
PN i"":' . X{.‘
YA T
. N .
<
?




7.5 DECELERATOR

7.5.1 Introduction and Summary

Decelerator subsystem design studies have been conducted on Thor/
Delta and Atlas/Centaur launched probe systems for a number of variations
in probe mechanical and aerodynamic configuration and for various descent
rate requirements. The parameters considered in the studies included
size and type of parachutes, methods of deployment,‘ and methods of pack-

aging the parachute in the probes.

The preferred configuration, based on the Atlas/Centaur launched
probe, is composed of a 2. 0 -meter diameter mortar -deployed ribless guide
surface pilot parachute which extracts a 6. 6 -meter diameter ribless guide
surface main descent parachute. The sequence of operation is shown in
. Figure 7.5-1. .Nylon is the principal textile material and all elements of
the subsystem utilize nonmetallic materials to the maximum practicable
extent to reduce interference with communications in view of the aft G,

location selected for the stowed main chute.

" ::'i?' MORTAR BAG AND MORTAR COVER REMAINS e
, ATTACHED TO CANOPY AFT THERMAL COVER
—— / RIBLESS GUIOE
— A SURFACE PLOT
—— ., .
2,0 M o RISER
MAIN DEPLOYMENT BAG
(STRIPPED OFF Y PILOT)
12,5 M
(ESTIMATED) PILOT MORTAR
(X/0 = 10) //
AFT THERMAL CO N E‘S'.Z‘:zfﬁa‘.
(RETAINED ON mor RISER). RIBLESS GUIDE SURFACE
\ MAIN CANOPY
2. Mot cuur:
INFLATION “ SUSPENSION LINES

6.6 MOWA SWIvEL )
3. MAIN PARACHUTE

SRIDLE (3L EXTRACTION
Ve £ (LLEG)

’

/D =6.0)
10.3 M (ESTIMATED)

A

4, MAIN CNUY!
INFLATION
AFROSN(U. fOlEODV
RELEAS

;o

2
~ B
S. DESCENT CAPSULE
RELEASE e :

figure 2.5-1, Sequence of Operations
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The pcrfbrmanée of the aeleéfed design is eharacterized by:

- Very low amplitude probe oscillations, < 5%, induced by
parachute deployment.

- High relative acceleration between descent capsule and
aeroshell ensures a clean separation.

- Nominally zero parachute lift/glide behavior exists during ‘V%"’
descent. s
- Oscillations induced by wind profile are rapidly damped. \ 1
The parachute stowed location and deployment method selected were -
chosen to provide a conventional arrangement, and thus to minimize devel- K

opment cost, as well as to preclude balance weight requirements and/or

the excessive depth of aeroshell afterbody dictated by other methods of "{
deploying the main chute. The canopy type provides the best nongliding "
performance of the known design parachutes. The following paragraphs

discuss requirements, tradeoffs, system description for Atlas/Centaur

and Thor/Delta, and special studies and analyses. The latter include

parachute dynamics and a study of a drogue chute for the small probe. @

7.5.2 Rguirements

The requireménts and criteria are summarized in Tables 7.5-1 for
Atlas/Centaur and 7.5-2 for Thor/Delta. Of primary importance to
Pioneer Venus mission science objectives and communications require-
ments is the overall stability, which in this case include not only the ]
parachute's oscillating characteristics but also lift/glide characteristics
in no-wind conditions. A zero-lift/glide configuration is a primary goal
to minimize effects on science data; a configuration that meets this goal

will also enhance communications.

Parachuie system materials must be capable of operation in the
presence of dilute concentrations of the various compounds of atmosphere
constituents encountered in the descent. Functional requirements appli-

cable to the decelerator system are:

1) Positive deployment on command from vehicle systems, e.g..
timer based on g-level sensing during entry

2) Provision of sufficient drag force to a) separate the descent cap-
sule from the aeroshell forebody; b) decelerate and stabilize the
descent capsule in the range from high to low subsonic velocities;
c} separate the aeroshell afterbody from the descent capsule at
the couclusion of the parachute descent phase.

3) Drag characteristics that are predictable and repeatable within
iess than +7 percent.
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Table 7.5-1. Atlas/Centaur Table 7.5-2. Thor/Delta
, Requirements ’ - Requirements
A : 1TEM VALUE e YALE
MAIN PARACHOTE DEPLOYMENT (1 - 215) . 1 PASACHITE DERLOVMENT (F = 245}
AUTITUDE " 70,4 KM ALTITUDE 70.5 KM o7
MACH WO e MACH NO, 0.80°
OYNAMIC PRESSURE 108e N/ME DYNAMIC PRESSURE 17us N/m? o b
FLIGHT PATH ANGLE «0.96 RAD FLIGHT PATH ANGLE «0.96 RAD
AMBIENT TEMPERATURE 24k AMBIENT TEMPERATURE 240k
RESCENT 2 QESCENT :
PARACHUTE BALLISTIC COEFFICIENT 7.85 KG/M . .
AXIU CIERLATION N - 262040 PARACHUTE BALLISTIC COEFFICIENT 18.9 KC/M _
) ' y : - g
MAXIMUM LIFT/GUDE CHARACTERISTIC 0 (GOAL) MAXIMUM OSCILLATION (NO-GUST) 0.342 A0
WAXIMUM SN RATE 2.09 RAD/S MAXIMUM FOREBODY SPIN RATE 2,09 RAD/S
MAXINUM SHIVEL TORGUE 0.27N-M MAXIMUM SWIVEL TORQUE 0.27 NoM
TERMINATION (T = 6905) -
TERMINATION (1= 2388 § .
ALTITUDE ' 2.9 KM AL® ™'DE 49,75 KM
VELOCITY ) 13 /S
veLociy IS OYNAMIC PRESSURE 163 N/ME
DYNAMIC PRESSURE 77N/
‘rudﬂ PATH ANGLE .57 RAD . FUIGHT PATH ANGLE «1,57 RAD
AMIENT TEMPERATURE wPKe AMBIENT TEMPERATURE 34K
ABOVE DATA IS BASED ON: .
ABOVE DATA IS BASED ON: o . ENTRY ANGLE = <0,602RAD* »
’ - ENTRY FLIGHT PATH ANGLE = =0, 558 RAD * - ' - ENTRY SALLISTIC COEFFICIENT = 86.4 KG/MT*
ENTRY BALLISTIC COEFFICIENT = 90,7 KG/M2 * VEHICLE WEIGHT AT DEPLOYMENT = 143 ¥~
VEWICLE WEIGHT AT DEPLOYMENT = 328,9 KG * DESCENT WEIGHT = 108 KG
DESCENT WEIGHT = 215.4 KG * TIME = 0 1S BASED ON SENSING OF 0,5 G DURING ENTRY
TIME = 0 15 BASED ON SENSING OF 50 G DURING ENTRY
— . * WORST CASE

* WORST CASE

7.5.3 Tradeoffs

The principal tradeoff studies conducted in the design study consisted

of:
1) Single versus multistage systems, i
2) Packaging and deployment concepts,
3) Canopy configuration,
4) Materials,

5) Use of existing parachutes versus new designs.
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7.5.3.1 Single versus Multistage Systems

The use of a supersonic/transonic drogue stage before deployment of
the main chute was considered early in the study, and was examined relative
to stabilizing the probe and also achieving suitably low Mach numbers for
main chute deployment at a higher altitude than would be possible with a
single stage system, i.e., 72 km instead of 70 km. This study revealed
that a fairly large drogue chute would be required (/¥4 -meters in diameter)
to achieve the higher altitude, and the supersonic deployment required would
result in a more costly development program. It was subsequently deter-
mined that altitudes of 70 km or less were acceptable from the science
deployment standpoint, and also that the basic entry vehicle stability would
suffice in the supersonic/transonic flight regime. Consequently, further
tradeoff studies were limited to single -stage systems.

.7. 5.3.2 Parachute Location, Packaging, and Deployment Method Tradeoff
Studies

The location of the chute package in the probe, the confignration of
the package/container, and the method of deploying the chute are key
elements of the system design. These items also are ‘greatly dependent.
upon each other. The mass of the chute required to achieve the preferred
descent profile, about 10 kg, suggests choosing a location near the axial
centerline to avoid having to ballast to achieve an axisymrhetric center of
gravity, axisymmetric principal axes, and equal pitch and yaw moments of
inertia. The ballasting weight requirements are given in Figure 7. 5-2 as
a function of the distance the parachute is located off-axis. From these
curves, it can be determined that for situations where this mass'asymmetry
can be compensated for by weights located at a distance equal to only one
to two times the distance that the parachute mass is offset from the axis
(generally the case); the penalty is having to carry dead weight* equal to

or greater than the parachute weight..

%"Dead weight'' is indicated since only a very small amount of the com-
pensation can be derived by relocating items of equipment already onboard.
The descent capsule has to be independently spin-balanced eliminating

use of its equipment,
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Figure 7.5-2, Ballast Requirements Plotted as Function of Parachute
- Mass Offset Distance (r)

Achieving this desired axisymmetric location, hcwever, without re-
sorting to annular or toroidal packaging conflicts with the antenna location
requirements discussed in Section 7. 3. Consequently, several off-axis
parachute designs have been evaluated in spite of the ballasting problem
to determine if they are feasible from the chute deployment standpoint.
The space available in these off-axis locations, e.g., forebody aeroshell,
permits a mortar -deployed main chute even for the large chute of the
preferred design. Calculations were performed to determine the probe
response to both a mortar located parallel to the centerline, designated
Offset Deployment, and a mortar firing laterally at an angle but still
having its reaction along a line through the c. g. designated Lateral De-
ployment. The vehicle response data are summarized in Figure 7.5-3.
From thiz figure it can be seen that parachutes larger than about 4 meters
have oscillations which exceed 10 to 15 degrees which will cause one
bridle leg to go slack. When this occurs the damping of the capsule
motion drops and hinders the aeroshell separation. The separation event
must then be delayed until sufficient damping has occur red, resulting in
the loss of considerable altitude.
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Figure 7,53, Capsule Oscllla:,t‘orn v?&ﬂnl‘)‘x;:::l Ofiset and Lateral

‘it iz slso of interest in Figure 7.5-3 that lateral deployment causes
more severe probe motions than offset deployment, in spite of the absence
of any initial pitching moment from the mortar reaction in the former.
This is caused by the long moment arm and the finite duration of the drag
forces on the chute just after its inflation. The moment arm results from
the fact that drag forces on the parachute before its inflation are not
sufficient to swing the parachute behind the probe due to the high drag of
the probe. This is illustrated in Figure 7.5-4 where the effect of mortar-
ing a 4-meter diameter parachute 60 degrees laterally from the probe axis

shown.

It was concluded from the above calculations that for the required
chute size, substantially off-axis locations are bad from the ballasting
standpoint and from the induced probe oscillation standpoint. Although
the latter factor can be overcome by use of a pilot chute (mortared
parallel to the probe axis to avoid lateral main chute extraction loads),
the ballasting required,a? 1.0 toas2.0 times the 10 kg chute mass, still
makes this approach highly undesirable.
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‘ Based on these findings, the choice of chute locaiion and deployment
( ) method for the preferred Atlas/Centaur mission profile was narrowed to
1 : three configurations, all of which meet the objective of a near-axisymmetric
o parachute location, These are shown in Figure 7.5-5. The advantages
and disadvantages of each of these concepts relative to aeroshell shape and
mechanical separation are also factors in their selection and are discussed
T in Section 7.3. From the parachute deployment and operation standpoint,
’ either configuration A or B are preferred over C because of the more
straightforward (thus, less costly) packaging and pull-out situations they
afford. Between A and B there are no major differences estimated to exist
< - ' in the basic parachute system development costs or reliability, However,

<, “ one parachute cost-related factor does enter into the selection in concept

.. B: the pilot chute and main chute can be developed somewhat independently
and substantial changes can ozcur in main chute size requirements without
affecting the pilot chute design. In concept A, mosrtar development work
1: (thus, costs related to it) would be adversely impacted if the main chute
. . ( v were to grow very much in size. (Such a situation did, in fact, develop

% in the course of the Viking program decelerator development.)
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CONFIGURATION A

This factor and the shallower afterbody and antenna design advantages

CONFIGURATION B CONFIGURATION €
(PREFERRED DESIGN)

Figure 7.5-5. Candidate AllasiCentaur Parachute Configurations

relative to afterbody separation discussed in 7.3 have led to the selection

of configuration B of Figure 7. 5-5 over configuration A. Relative to con-

figuratic‘inC, which affords a slightly better antenna situation at the expense

of simplicity of parachute deployment, configuration B was again selected,

pending confirmation of antenna performance, due to the lower parachute

development costs it affords. A mortar was selected as the means of de-

ploying the pilot chute, based on an assessment of factors sammarized in

Table 7.5-3.

The performance of the selected design is discussed in Section 7.5.6

in which plots of nrobe matinne resulting from parachute depioyment are

presented. These motions, much milder than for the off-axis versions

considered, permit aeroshell separation within 5 seconds of parachute

deployment.

Thor /Delta Chute Deployment

For the Thor/Delta large probe descent profile selected, a smaller

main chute was required and this allowed selection of a parachute arrange-
ment similar to that shown in Atlas/Centaur configuration A (Figure 7.5-5).

The smailer chute package removed the main disadvantages of configuration

A, that of requiring too great an afterbody depth and too asymmetric an

antenna installation.

Section 7. 5. 6 presents the separation performance

data for this Thor/Delta design.
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} Table 7. 5-3. Deployment Method Tradeoff Summary

PYROTECHNICALLY ENERGIZED DEVICE, VERY WIDELY USED
IN PARACHUTE SYSTEMS, WELL ADVANCED DEVELOPMENT
FUNCTIONS AS CHUTE CONTAINER A5 WELL AS EJECTOR, AILS
IN MINIMIZING SYSTEM VOLUME AND WEIGHT

REACTION LOADS AND VELOCITIES READILY CONTROLLED 8Y ‘*’5

MORTAR

DILATING ORIFICE
VERY RELIABLE

PYROTECHNICALLY EXPELLED MASS USED TO EXTRACT PARACHUTE
DEVICES, CHUTE WEIGHT USUALLY LIMITED 10 1,518

REQUIRES LONG LINE TO ATTACH TO CHUTE FOR EXTRACTION :
SEPARATE CONTAINER REQUIRED FOR CHUTE
GENERATES MIGH SHOCK EFFECTS, OTHERWISE CAN S READILY ‘
CONTROLLED -
VERY RELIASLE '

USES INFLATING BAG TO EXPEL CHUTE PACK FROM CONTAINER }J ,

DROGUE SLUG GUN

GAS EJECTOR

REQUIRES SEPARATE COLD OR HOT GAS SUPPLY

DEVICE RARELY USED, WOULD REQUIRE DEVELOPMENT FOR
PIONEER VENUS

RELIABILITY SOMEWHAT QUESTIONABLE

TECHNIQUE GENERALLY SIMILAR TO MORTAR, BUT GAS GENERA- .
TION AND PROPULSION 1S DONE IN CHAMBER IN TANDEM TO o,
PARACHUTE CAVITY -

LOW REACTION LOAD CHARACTERISTIC

REQUIRES ALMOST TWICE AS MUCH SPACE AS MORTAR
HEAVIER THAN OTHER DEVICES CONSIDERED

USEG ON F=111 *2ERO/ZERO" ESCAPE SYSTEM

SMALL, SOLID FUEL ROCKET FIRES AND, WITH A LONG RISER
LINE, EXTRACTS CHUTE FROM CONTAINER FOR DEPLOYMENT
TECHNIGQUE 15 USED ON STANLEY AVIATION'S "YANKEE"
PERSONNEL ESCAPE SYSTEM

WOULD PROBABLY REQUIRE EXTENSIVE DEVELOPMENT FOR
PIONEER VENUS

REACTION AND OTHER FORCES LEAST OF DEVICES CONSIDERED
ROCKET COULD BE USED TO ASSURE EJECTION OF COVERS FROM )
AFT AEROSHELL AS WELL AS EXTRACTING THE CHUTE 2 -

SELECTION: MORTAR .

CATAPULT

ROCKET EXTRACTION

7.5.3.3 Canopy Configuration

Another factor that is of utmost importance is the type of canopy.
The drag prcduced and size and weight of the device required are funda-

mental considerations. High drag/weight efficiency, normally a goal in

ks i

parachute selection, becomes less critical when weight and volume are not
tightly constrained and when emphasis is placed, as it is in PV require-

ments, on achieving zero-glide characteristics. The better zero-glide

chutes, such as the ribless guide surface type, exhibit a 5 percent to ten |
percent weight penalty over types such as the disc -gap band. This magni- B
tude of a weight penalty, however, is nota deterrent in the case of the \

Atlas/Centaur probe. =

Achieving zero-liit/glide during descent can be related directly to 1
certain parachute characteristics. The tendency of a parachute to glide is

a function of two parameters, pitching moment and lift. 'The pitching

moment causes the parachute to cock to one side and develop an angle of
attack where a lift force is generated. With any particular parachute,

these parameters are also influenced by the forebody wake. Normally,

the lack of rigidity in the parachute allows the direction of the lift vector

7. ;-9




to rotate in a random manner about the velocity vector, and thus average
out to an essentially ballistic trajectory; however, selection of a canopy
design with a stable trim at zero angle of attack eliminates the need to
depend on such a random motion. The moment and lift of parachutes follow
systematic behaviorthat agrees with the flight oscillation performance.

A correlation of lift curve slope and moment curve slope (nondimensional -
ized by the drag) is shown in Figure 7. 5-6. With typical flight oscillation
data superimposed, these data indicate that the more stable canopy designs
tend t» have less oscillation and less lift during descent. The guide surface
canopies are clearly superior to other canopy designs, with ribbon design

a possible alternative. Other canopy selection factors are summarized in
Table 7.5-4. Final selection of the RGS -type was based primarily on per-
formance since cost factors are not significantly different for the established
design paraciutes. (Use of existing hardware versus development of a new

parachute is discussed in Section 7.5, 3.5.)
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Parachute Canopy Types
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Table 7.5-4. Parachute Canopy Type Tradeoff Summary

SURFACE (RGS) CONSIDERED IN TERMS OF OSCILLATION AND MEAR-ZERO
GLIDE CHARACTERISTICS :
. :)PSIGA:ES EFFECTIVELY IN TRANSONIC-10-LOW-SUBSONIC .
Al
DRAG/WEIGHT EFFICIENCY NOT QUITE AS HIGH AS SOME ; B
OTHER CONFIGURATIONS (E.G., INGSLOT, CROSS) THAT 3
COULD BE CONSIDERED
OPENING LOAD CHARACTERISTIC 15 LOW TO MEDIUM
MANUFACTURE MORE COMPLEX THAN CROSS, RINGSLOT OR
DGB, BUT COMPARES FAVORABLY WITH RINGSAIL OR RISBON
TEST'AND USE HISTORY MOSTLY INVOLVED WITH WEAPONS
STABILIZATION, FREQUENTLY USED AS PILOT CHUTE BY USAF

DRAG/WEIGHT EFFICIENCY SOMEWHAT BETTER THAN RGS FOR
SAME APPLICATION

GOOD STASMLITY IN TERMS OF LOW OSCILLATIONS 8UT SHOWS
MORE TENDENCY TO GLIDE THAN RGS OR RIBBON 3
OPERATION GENERALLY LIMITED TO LOW SUBSONIC SPEEDS D
OPENING LOAD CHARACTERISTIC 15 LOW TN
MANUFACTURE RELATIVELY SIMPLE AS COMPARED TO RGS OR .

RIBSON
PRIMARILY USED FOR CARGO DELIVERY AND AIRCRAFT
DECELERATION

DRAG/WEIGHT EFFICIENCY COMPARABLE TO RGS

EXHIBITS GOOD STATIC STABILITY CHARACTERISTICS, BUT RGS
HOLDS ADVANTAGE

OPERATES EFFECTIVELY AT HIGH SUBSONIC SPEEDS ¥
OPENING LOAD CHARACTERISTIC IS LOW

MANUFACTURING COMPLEXITY MOSTLY INVOLVED WITH
ACCURATE PLACEMENT OF RIBBONS

MOSTLY USED FOR CARGO DELIVERY OR AIRCRAFT DECELERATIGN, -
REQUIRES SPECIAL "SHAPING * FOR TRANSONIC OPERATION Y 1

DRAG/WEIGHT EFFICIENCY SOMEWHAT BETTER THAN RGS FOR

SAME APPLICATION

VERY LOW OSCILLATION ANGLE, BUT TENDENCY TO GLIDE IS

NOT WELL KNOWN EXCEPT FOR "CROSS-CONE" TYPE (EXPERIMENTAL) :
INFLATION STABILITY AT HiGH 3UBSONIC SPEEDS NOT AS GOOD )
AS OTHER TYPES (E.G,, RGS OR RIBBON)

OPENING LOAD CHARACTERISTIC IS LOW TO MEDIUM
VERY SIMPLE MANUFACTURE AS COMPARED 72> OTHER TYPES

PRIMAR..Y USED FOR FLARE DELIVERY ; 4

HIGH DRAG/WEIGHT EFFICIENCY AS COMPARED TO MOST ALL TYPES
HAS STRONG TENDENCY 10 GLIDE

MAS OPERATED AT TRANSONIC SPEEDS '
OPENING LOAD CHARACTERISTIC IS LOW TO MEDIUM 2
MANUFACTURE 1S COMPLEX COMPARED TO MOST OTHER TYPES :
MOSTLY USED IN MANNED RECOVERY (APOLLO, F-111) L

m?rsDR'AG/WﬂGHY EFFICIENCY AS COMPARED TO MOST OTHER

POOR STABILITY IN TERMS CF OSCILLATION AND WILL GLIDE AT HIGH
ANGLES OF ATTACK (€.G., .52 RAD)

USE LIMITED 10 LOW SUBSONIC SPEEDS

OPENING LOAD CHARACTERISTIC IS HIGH

MANUFACTURE 15 VERY SIMPLE AS COMPARED TO RGS, RINGSLOT, OR

RIGEON
MAJOR USAGE 15 PERSONNEL DESCENT AND CARGO DELIVERY

GOOD DRAG/WEIGHT EFFICLENCY AS COMPARED TO RGS "

LOW OSCILLATION ANGLE, BUT VIKING DATA SHOWS STRONG :
TENDENCY TO GLIDE t .
HAS OPERATED IN MACH 2,7 RANGE AT VERY LOW Q
OPENING LOAD CHARACTERISTIC IS *AEDIUM
MARUFACTURE 1S SIMPLER THAR! G OR RIBBON \
PRIMARY USAGE 15 FOR METEOROLOGICAL SOUNDING EFFORTS, USED
ON VIKING DUE TO ABILITY TO OPERATE EFFECTIVELY AT MACH 2.0 '

CHUTES FROM VIKING, ZPOLLO, BIOSATELUTE, ETC. GENERALLY }
MUCH TOO LARGE ANP HEAVY EOR PIONEER VENUS APPLICATION
VIKING: 18,2 M D%8, 41 KG '

APOLLO: 25.8 M AINGSAIL, 59 kG ,4
BIOSATELLITE: 9.7 M RINGSLOT, 15 KG |
o ALL HAVE TENEENCY TO GLIDE

RIBLESS GUIDE o EXHIBITS BEST STATIC STABILITY CHARACTERISTICS OF TYPES ‘i‘\

.

RINGSLOT

RIBBON (FLAT OR
CONICAL)

CROSS

RINGSAIL

FLAT CIRCULAR

OISK-GAP-8AND
(DGY)
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For Thor/Delta, the disc-gap band canopy type was selected to achieve

minimum weight and cost design. As indicated in the previous discussion,
this selection would result in a science performance penalty relative to
inferring wind velocities during descent and further consideration of the
better performing ribless guide surface design should be undertaken in
any future study involving Thor /Delta.
7.5.3.4 Materials
Materials considerationc were mostly involved with the ''normal”
textile synthetics, Nylon, Dacron and Nomex. A new duPont product,
Special Fiber B, was also considered as a candidate for part of the appli-
cation., Nylon is the preferred choice, prima rily due to its wide avail-
ability in products made under MIL specifications for parachutes and its
ability to meet temperature environments. Various aspects of the mater-
sals considered are summarized in Table 7.5-5.
Table 7.5-5. Parachute Materials Tradeoff Summary . -
NYLON o HIGHEST STRENGTH/DENSITY RATIO OF THOSE CONSIDERED e
. cg&ﬂ! RESISTANCE TO MEAT EFFECTS FOR MONEER
o READILY AVAILASLE IN PRODUCTS MADE UNDER MiL SPECIFICATIONS
. ;A'OOSOTDWIDELV USED SYNTHETIC IN PARACHUTES, WELL UNDER-
o TEMPERATUREAT INFLATION SHOULOD BE LIMITED 10 3%k
o MELTS AT 523" K
DACRON » MEDIUM STRENTH/DENSITY RATIO, MIGHER WEIGHT THAN
FOR SAME S12E CHUTE MADE IN NYLON
. g?‘gt: AESISTANCE TO HEAY EFFECTS, PROVEN ON VIKING
o fOR H&NEEI VENUS, WOULD PROBASLY MAVE TO HAVE ”o-
DUC IS WOVEN OR SRAIDED TO SPECIAL ORDER
o NOT QUITE AS ELASTIC AS NYLON
o APPLICATION IN PARACHUTES GENERALLY WELL UNDERSTOOD
o MELTS AT 5227k
NOMEX o LOWER STRENGTH/OENSITY RATIO THAN NYLON OR DACRON
o EXCELLENT RECISTANCE 1O HEAT EFFECTS (RETAINS 60% to 70% OF
ORIGINAL STRENGTH AT 478° K
o FOR PIONEER VENUS, WOULD PROBABLY HAVE 1O P PRODUCED
10 SPECIAL ORDER
o ELASTICITY NOT NEARLY AS GOOD AS NYLON
o ZERO-3TAENGTH TEMPERATURE IS K
OTHER o DUPONT'S NEW SPECIAL FIBER B IS PROBABLY BEST CHOICE FOR
BRIDLE LEGS: ZERO-STRENGTH OCCURS AT K
o P31, FIBERGLASS, AND METAL CLOTHS NOT ADVANCFR N DE-
VELOPMENT FOR PARACHUTES, HIGH COSTS INVOLVED
o NATURAL FISRES NOT SUITED FOR PIONEER VENUS APRICATIONS
AS OPPOSED 1O OTHERS CONSIDERFD
SELECTION: NYLON FOR ALL QUTBRIDLE LEGS
NOMEX OR FIBER § FOR BRIDLE LEGS

Z
4
i
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7.5.3.5 Use of Exirting Parachutes versus New Designs

Suppliers were consulted in the cost reduction aspects of using an
available Federal £tock ('FS) canopy. The answer has been that about 10
percent savings in developmental costs can be realized which is consistant
with our estimate. Also, a change in the suspension line geometry may
be advisable or required in the interests of overall performance. This
would reduce the estimated cost savings. Finally, manufacturers note that
canopies produced to F'S specifications are not as closely controlled in
terms of dimensions as those made in small quantities specifically for
applications such as Pioneer Venus. This would affect achieving a known

ballistic coefficient design.

Although, as previously indicated, the actual savings of using an
existing parachute canopy are somewhat uncertain, a survey of existing
hardware and design chutes was conducted. ' Some of those located are
listed in Table 7.5-4. An existing aircraft decelerator chute was found
that was the right size for the midterm version of the Atlas/Centaur prooe
(FS Ringslot Canopy). For the selected Atlas/Centaur probe descent pro-
file no existing chutes were found that fit the drag requirements. In any
case, the requirements for achieving extremely low glide characteristics
and drag repeatability éppear to be met fully only with a system designed

specifically for Pioneer Venus.

7.5.4 Preferred Subsystem, Atlas/Centaur

As a result of the above tradeoff studies a configuration has been
gelected that uses a mortar-deployed pilot parachute to remove the after-
body base cap and extract a main descent parachute. The general features

of this design are:

1) Ribless guide surface type canopies are used for both the pilot
and main parachvtes. (See Figure 7. 5-1)

2) The sabot and cover of the pilot mortar are retained to preclude
damage. (See Figures 7.5-7 and 7. 5-8)

3} The pilot chute will remove and carry away the base cap and
extract the main parachute for deployment.

4) Packaging of main parachute will be in a separate nonmetallic
container. (See Figure 7.5-7)

7. 5'13
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5) Nylon is the principal»’textile material.

-~ e
6) A swivel is used in the main pa rachute suspension system but not .
in the pilot riser. S , . ‘ -
7) A lanyard on the p110t riser will release the latch mechanism
holding the base cap in place.
B8AG HANDLES
PILOT RISER (WNLOCKS DAISY CHAIN)
ATTACHED TO 8AG HANDLES
;
8RIOLE
LG @ RETENTION !
i FLAPS :
MAIN PARACHUTE __\ (LOCKED :
G BY DAISY H
. CHAIN) o
Figure 7.5-7. Main Parachute Container ;i
t
1
. . Illu! P £
LEG () ooy 4
COVER (Or NSER) MATIRALS . n ; q
. . COVER: FIBERGLASS RENFORCED ‘ .
SHEAR PN —~ RASTIC :
"t TUBE: COMBINATION FIBERGLASS
SWIVEL REINFORCED PLASTIC (UPPER)
{AS APRLICABLE) =~ CHUTE PACK AND ALUMINUN. (.OWER)
\ i BREECHAATE: ALUMINUM
SAROT — - BREECH BODY: STAINLESS STERL
%--‘:5 . POWER CARTRIDOE:
SEAL = CASE: STAIMLESS STEEL
OnACE SREECHMATE PROPELLANT: TBD
: |
FOWER CARTNIDGE INITIATOR: 2 VIKING STANDARD A |
A INITIATONS (2) JON SASH ; |
SREECH BODY i
Figure 7.5-8. Mortar Configuration and Characteristics 3 |
!

The pilot chute sizing is based on attaining a ballistic coefficient of Coa L -
0.6 times the ballistic coefficient of the main chute/descent capsule com- K:
bination. This provides assurarce that the pilot ‘chute faft thermal cover
combination will not overtake the descending main parachute and capsule.

The RGS narachute selected for the pilot has a long history with USAF for
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gimilar applications. The estimated trailing distance requirements shown

in Figure 7.5-1 are subject to wind tunnel test verification,

Nonmetalhc construction, fiberglass- -reinforced epoxy resin, will be
used for the main chute container and mortar tube and cmrer. Du¥ing the
perlod when transmission through both parachute and contamer 15 reqmred,

a 2 dB attenuation is acceptable.

7.5.5 Preferred Subsystem, Thor/Delta

Figure 7.5-9 shows the selected Thor/Delta parachute design and
sequence of events during operation.

V. MORTAR FIRE

BAG AND MORTAR
SWIVEL COVER

3. AEROSHELL AFTER-
S0DY AND
PARACHUTE

RELEASE FROM
DESCENT CAPSULE

SYSTEM CHARACTERISTICS
PARACHUTE:

INFLATED
L SWIVEL DIAMETER 2.35m

WEIGHT 1.60KG
- ORIDLE
MORTAR:
L DIAMETER 0,155 M
LENGTH 0.201 M
WEIGHT L3 KG
1OTAL WEIGHE: 2.9 kG
1 AIGHTS AND DESIGN
2, CHUTE INFLATION A BASED ON MMC AND

AND AEROSHELL OOOOYEAI EROSPACE
FOREBODY CO"O!A"ON STUDY DATA
SEPARATION

Figure 7.5-9, tmlm; Parachute Syslem

704M
(ESTIMATED)

The disk -gap band (DGB) type canopy was selected for application,
largely because of its known performance behind blunt forebodies in the
low subsonic through Mach 2.2 velocity range. Data from Viking wind
tunnel and flight tests were the principal substantiating sources. The DGB
has a high drag/weight efficiency.
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7.5.6 Analyses and Special Studies

Specific analyses and studies performed during the course of the
studies included:

1) Parachute dynamics during deployment and aeroshell separation,
2) Design of a stabilizing drogue device for the small probe,

3) Parachute size, weight, volume, and mortar performance calcu-
lations.

7.5.6.1 Parachute Deployment Dynamics

During parachute deployment, various bodies are separated and
loosely coupled by forces that depend on aerodynamic characteristics of
the bodies, their relative position, and the resilient connecting lines. The
vehicle disturbance during this highly transient interval requires proper
simulation of the various components and, in general, specialized tailoring
of the simulation tool. The dominant behavior, however, can be normally
scoped using more general models.’ The Viking decelerator deployment
simulation model was therefore adapted to the Pioneer Venus deployment
charactenstms to study the capsule and parachute behavior during para-
chute deployment In addition, closed form solutions for the dominant
motions were employed to provide insight into the relative importance of
the various parameters. Since the Viking dynamic model employs a mor-
tared decelerator deployment, it was readily adapted to the proposed Thor/
Delta system. Representative deployment dynamic parameters for the
preferred Thor/Delta system are presented in Figure 7.5-10, and the
system parameters used in the simulation are given in Table 7.5-6. It

can be seen that the system quickly damps to low amplitudes.

The Atlas/Centaur decelerator uses a pilot parachute to extract the
main parachute, the sequence of events being as shown in Figure 7.5-11.
For this sequence, the dynamic simulation was begun when the pilot chute
was fully inflated, and the main parachute was released from the probe.
Representative dynamics of the capsule, aeroshell, and parachute are

shown in Figures 7.5-12 and 7.5-13, and the system parameters are given
in Table 7.5-7.
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Table 7. 5-6. Thor/Delta Parachute

Deployment Simulation -

DGH PARACHUTE PROPERTIES -
DIAMETER a2 m
TRAILING DISTANCE nim e
EJECTED PARACHUTE MASS 2,1 %G i A
MORTAR VELOCITY 8.7 WS [
SUSPENSION LINE RESILIENCE %50, N/M
SUSPENSION LINE DAMPING 7.5 N/WS .

>

AEROSHELL/CAPSULE PROFERTIES L.
DIAMETER 1L2M Y
MASS 194 K6
MOMENT OF INERTIA 12.0 kG-M2
DRIOLE HEIGHT 1LISM _

i

TRAJECTORY INITIAL CONDITION }

ALTITUDE 7 KM
‘ VELOCITY 1615 W05
™ FLIGHT PATH ANGLE -

DISTURBANCES
MORTAR OFFSET 0.004 M x -
INITIAL ANGLE OF ATTACK .2 :
WIND GUS? 0.08 WM ¢

PILOT MORTAR FIRE R[D;
3 PILOT 8AG STRIP ) ..=...._._.___.qb

PILOT SRIDLE EAECTION <,._-__—_<CD,
- ‘ *
; MAIN JAG PULLOUT -
L PILOT FULL INFLATION b_“m@_@_

MAIN BAG STRIP
B— (o= <t| )-
¢o
—

+—— - (HIMAIN FULL INFLATION e -

AEROSHELL SEPARATION

#
(X

Figure7,5-11, Setscted Allas/Centaur Pllot Deployed Deceleration
Saquence of Events
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MORTAR VELOCITY -
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r contrast to the characteristic trimming of the DGB parachute at
an ang o of attack of about 6 degrees, which can be seen (Figure 7.5-10)
to induco a like angle in the capsule and to cause a relative pitch rate at
aeroshell separation, the relative motion in RGS (Atlas/Centaur) system
at acroshell separation is much less pronounced (Figure 7.5-13). The
damping of the deployment disturbances appear to be comparahie in both
sequences; thus, a 5.-gecond delay from parachute deployment to a= roshell
geparation is satisfactory for both designs. Note the higher separation
acceleration of the Atlas/Centaur system which should result in a lesser

clearance problem at separation.

Closed Form Dynamic Solutions

The dynamic behavior of a parachute/capsule system, elastically
coupled, can be analyzed in terms of a number of dominant oscillation
modes. A fundamental mode assumes a rigid system where the mass
properties are evaluated about the center of gravity of the system and the

aerodynamic forces of the total system are lumped together.

Due to the dominating influence of the parachute trailing distance,
this mode is highly damped and can be characterized by the following

dynamic equation.

2

M L% & + DL?
P

¢ +DLo =0

where:

M_ = parachute mass

L = parachute trailing distance
D = parachute drag force

6 = parachute trailing angle.

The natural frequency and damping ratio are then given by

2 D
LA v
p
s =2D/M_V
p

This mode of oscillation is excited when the parachute is deployed laterally
from the vehicle and can be seen to describe the parachute motion shown in

Figure 7. 5-4,
7. 5«21




The dominant capsule motion is due to the resilient suspension lines
that couple the parachute and capsule. The restoring moment and damping
which the lines give to capsule motions increase the normal aerodynamic

frequency and damping by the following increments.

L
AW 2 =L_. F_.(1+&2)
(o4 B _f—_ La
R s
RK [L.D_] 2
o B [i2]
c L
8
where:
WC = capsule natural frequency, rad/sec
& = oscillation damping, per second
LB = effective bridle moment center from c. g.
F = parachute riser force
I, = capsule moment of inertia
Ls = sugpension lines length

RK = suspension line damping

D
p

parachute suspension line diameter.

The bridle height, which so dominates both frequency and damping
ratio, is limited primarily by potential slack line conditions that could be
incurred during initial deployment of the parachute, especially off axis such
as would occur with a lateral fired mortar system. The pilot-deployed
main parachute is extremely effective in minimizing the lateral displacement
of the parachute at peak lond, thus minimizing the disturbing moments and
simultaneously permitting the maximum damping potential of a high bridle

height to be used without a slack line.

7.5.6,2 Small Probe Stabilizing Drogue Study

A brief study was performed to size a low-drag, stabilizing parachute
to operate on the small probe all the way to impact. The principal problem
in this design is that standard textiles cannot survive the very high tempera-
ture encountered at the lower altitudes on Venus; also, the available volume

in the probe is somewhat constrained. Metal fabrics are one answer to the

70 5‘22
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problems of high temperature and packageability; however duPont has
recently developed a textile called Fiber B whose zc¢ro-strength tempera-
ture is approximately 728°K, which makes it a possible candidate, Taking
advantage of this material, a spring-deployed vane type canopy; very simi-
lar to those used as pilot chutes in personnel systems. was selected., The ‘&
general configuration is shown in Figure 7.5-14. Using heavy cloth (680
gm/mz) and cord to work the high temperature problem, the device shown,

including a container, would weigh approximately 0. 45 kg. A spring-

1

loaded door on the aft aeroshell, released by a pin-puller or equivalent

device, would be required also, but the weight of this part was not included i

in the estimate. ‘

i
10,0Mm -
0.61 M vom 0.40 M _L
0.84 M 4 e
snOLE : 0p=0.27M . &

0g = 0.40 M
€5+ 0123 M2
WT = 0.64 KG

Figure 7.5-14, Small Probe Stabilizer

The objective in sizing the device was to reduce the ballistic coeffi- i
cient as little as possible while still providing an effective stabilizer. The !
probe -alone ballistic coefficient is 198 kg/m2 in the subsonic range and it
was decided that any reduction should be limited to 15 percent, resulting
in a combined value of 173 kg/mz. Figure 7.5-14 shows a 0.27m Do chute
located approximately 12 diameters behind the forebody. This repreéents

what is believed to be an effective system. T

Figure 7.5-15 shows the canopy in some detail to indicate how the
spring is installed in a cloth cone in the canopy. When the chute is folded ‘

for packing, the spiral-wound spring stows flat and, when the aft aeroshell

door is released, provides energy to deploy the canopy in the airstream.

The selected approach, using heavyweight Fiber B cloth and cords,
should assure survival to altitudes approaching the Venus surface. Although
some degradation of the drag surface is anticipated, there will not be a
sudden or rapid destruction of the device, mainly due to the fact that the
drag load will not exceed 245 N or 267 N,

7.5-23




Figure 7.5-15. Stabilizer Canopy

In the Atlas/Centaur system a somewhat larger chute (Do = 0.40 m)

- would be required and would weigh about 0. 64 kg. This is based on an
Atlas /Centaur small probe weight of 75°to 80 kg having the same ballistic

coefficient as the Thor/Delta small probe.

As an alternative to the spring-deployed chute, a drogue-slug gun
was considered, but an additional 0.57 to 0. 68 kg would be added to the
sjrstem. The space available for such an installation is extremely limited
within the confines of the aft aeroshell and an unwanted ''blister' might be

required.

It has been suggested by Am'es Research Center that trailing a
portion of the aft aeroshell may be a more viable approach, particularly
in terms of weight and volume required. Very limited testing with such
a device has been accomplished by Martin Marietta with a subscale model
in the Langley spin tunnel with inconclusive results; i.e., a strong stabii -
izing influence was afforded relative to damping large pitching motions,
but with the one bridle/riser/drogue cap arrangement tried, some small
amplitude motions were found to be induced by the presence of the drogue
cap.

If a final assessment of science requirements and/or final determin-

ation of the detailed probe stability performance indicate that an auxiliary
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stabilizing device is required on the small probes, development of a drogue
anchor of the ARC-type appears to be a good choice with the Fiber B tex-

tile canopy design as an alternative.

7.5.6.3 Parachute Sizing Analyses

The criteria and calculations applicable to the pilot chute, main chute

and pilot mortar size, weight and volume requirements determination are

provided for the preferred Atlas /Centaur design in Appendix 7. 5A=1, Viking _
program data was used in these calculations along with information provided B
by Goodyear Aerospace and the Pionee. ©arachute Company, Inc. The re- !
quirements of Table 7.5-1 were applied in the cases shown. )

!\. ’

-
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7.6 PROBE COMMUNICATION

7.6.1 Introduction and Summary

This study recommends and defines preferred communications sub-
systems for a Venus probe migsion using Atlas/Centaur and Thor /Delta -
launch vehicles. Analyses, tradeoffs, and design tasks were performed
first to define preferred subsystem configurations for both Atlas/Centaur
and Thor/Delta missions, then to select the preferred mission, This
phase was followed by additional tradeoffs and analyses to define the prefer-
red con’igurations for the Version IV science payload redefinition for the

Atlas /Centaur mission, the selected misgsion.

This section presents the highlights of the preferred probe com-

munications subsystems for the recommended Atlas/Centaur miseion, then

the ana.lyses and tradeoffs followed by detailed descriptions of the preferred
configurations of the Atlas/Centaur and Thor/Delta missions. Finally tests
of the probe antenna mounted on a probe mockup are described. Details of

analyses, tradeoffs, and tests are presented in a series of appendices.

Impact of Version IV Science Payload Redefinition, " The impact on

the communications subsystems of the Version IV sc1ence redeﬁmtton was

felt largely in Atlas/Centaur small probe conf:guratmns in that the data

_rate for the small probes was increased to 64 bps from the former 16 bps

rate to accommodate the highest post-entry science sampling rate. This
higher rate reduced the small probe link margin considerably, but was
accommodated readily by the 20 watt transmitter.

Significant analytical accomplishments or new results from this study
can be found in‘the development of a lognormal channel model, and assess-
ment of planet atmospheric effects on both coded and noncoded channels,
including MFSK channels.

Highlights of the preferred large and small probe configurations for
the selected Atlas/Centaur mission are given in Table 7.6-1. Note that
the communications links are compatible with the projected DSN capabilities
for realstime communications links. - A predetection recording capability
is recommended at the DSN for backup of the real-time links, especially
during high Doppler rate regimes at the initial posteentry acquisition period.
Every eifort has been made to use DSN compatible links and existing hard-

ware or hardware requiring minimum modifications,
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Table 7. 6-1. Highlights of the Preferred Probe :
Communications Subsystem for )
the Atlas/Centaur Mission

N

LARGE PROBE SMALL PROBES hatd
ANTENNA TYPE | TURNSTILE/CONE SAME
ANTENNA PATTERN & ON AXIS GAIN CONICAL BEAM, 5.4 DB | SAME
TRANSMITTER OUTPUT POWER 0w

36 W
(2-20 W UNITS PAKAL-
LELED)

CHANNEL MODEL . LOGNORMAL SAME ‘%) o

MODULATION POM/PSK/PM SAME d

DOPPLER TRACKING 2-WAY, TRANSPONDER  |1-WAY, STABLE OSCILLATOR

BIT RATE 128 885 o405 .

CODING TYPE & RATE CONYVOLUTIONAL, SAME
RATE 1/2

&
DECODIMNG SEQUENTIAL-SOFT DE-  |SAME \' -
CISION

TRANSMISSION PERIODS - PREENTRY 10 MINUTES DURATION  |E-2.7 OR E-3.0 HOUR -
BEGINNING ATE-0.75 HR ’
POSTBLACKOUT | 73,6 MINUTES, NOMINAL|63.4 MINUTES NOMINAL r

TOTAL NUMBER OF BITS TRANSMITTED 642048 8118 281 856 MITS
SUBSYSTEM MASS 5.12KG (11,3 L8) 2,39KG (3.318)
SUBSYSTEM POWER 175.5W 7w

A block diagram of the large probe is shown in Figure 7.6-1 to
illustrate the hardware selections to date. Detailed descriptions of the

subsystem are found following the requirements and tradeoff sections.

7.6.2 Requirements of Probe Communications Subsystems

The major requirements 6£ the probe communications subsystem have
changed as the study progressed to accommodate changing science payloads -~
_and c_hangingbreqtiir'ement‘s of the mission and other probe subsystems. L
The present requirements for the Atlas/Centaur mission with the Version
v upda.tend science payload are given first, followed by requirements for the
Thor/Delta mission, which has subsequently been dropped as the final
- -option.

7.6.2.1 Requirements, Atlas/Centaur (with Version IV Updated Payload)

sDirect links to earth-.range of 0.43 AU

eCompatible with DSN: frequencies, transmit/receive turnaround N
ratio, modulation, decoding

*Survive through space, entry and descent to Venus surface--not ‘

required to survive impact 4
*Return data at an error rate no greater than: *
-3 4
-2

Bit error rate 10
Word deletion rate 10

7.6-2
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.
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§
o,
‘ ANTENNA MsC #SK MODULATED
- \agm&b 20.W POWER | SQUARE WAVE
AMPLIFIER SUBCARRLER ;
3%-w out TRANSPONDER 3 - .
TRANSMITTER
DIPLEXER HYBRID | ANAREN HYSRID [ DRIVER § |
- ¥
‘WAVECOM pravorT— —————— ¢ j
W POWE ,__] PHILCO- RECEIVER 4 !
1 FORD ‘
. ) 4 : . AMPLIFIER MODIFIED {
- : MSC VIKING '
’ TWO-WAY COHERENT COMMUNICATIONS - LARGE PROBE
FAst USED 1N ATLAS CENTAUR SMALL PROBES | 1

Figure 7,6-!, Atias/Centaur Two-Way Coherent Communications, Large Probe
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sReturn data at a rate no less than: ~y
Large p'robe v 128 bps e
Small probe 64 bps
~*Data transmission periods: '
Y 10 minutes duration within 1 hour prior to entry ‘!'~ :
2) From entry to end of mission on planet's surface “

4
eMaintain Atlas/Centaur weight constraints -
eAccomplish above at minimum program cost

- 7.6.2.2 Requirements, Thor/Delta (Version 1II Payload) Q ;
, 4
" Same as for Atlas/Centaur except as follows: 4

; eDirect links to earth--range of 0,48 AU
eReturn data at a rate no less than:
Large probe--102.4 bps above approximately 30 km altitude ”,

o S ' ~ 85.3 bps below approximately 30 km altitude 3
e Small probe-- 10 bps S -

eMaintain Thor /Delta weight constraints.

7.6.3 Communications Analyses and Tradeoffs

A series of communications analyses and tradeoffs were performed
to arrive at recommended configurations and the Atlas/Centaur and Thor/
Delta mis sions. ‘SQme of the key analyses were modeling of the channel
and developing parameteric data representative of modulation and coding

performance for unique Venus-to-earth fading channels. This entailed

analyses of tracking loop performance, one-way and two-way tracking per-
.,' formance, evaluating MFSK, PSK/PM and PSK/SC, developing methods of

e ™

" estimating the combined effects of coding and noisy carrier losses under
fading conditions, investigating methods of computing atmospheric absorp-

tion and defocusing losses, and investigating planet multipath parameters. N

Other tasksincludedthetradeoffl and selection of modulation, coding,

¥

I5
decoding, and hardwarc specification and scloetion, the prepavation of
detail telecommunications design control tables showing tolerances for

IO

cach item, and the design mockup and testing of a probe antenna,

7.6 -4
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The results of these analyses and tradeoffs follow in succeeding
paragraphs. The antenna tests are reported in Section 7. 6. 6.

7.6.3.,1 Channel Model

From the outset of this study, characterizaticn of the channel tur-
bulence, Doppler profile, planetary multipath, refractive defocusing, and
‘ atmospheric attenuation phenomenon was an important and tedious tech-
nical problem. Careful analysis and various study efforts were devoted to
| the problem of structuring a channel model that could be justified on the ba-
1 . sis of compatible theoretical as well as experimental evidence (Figure 7. 6 -2).
|

PROBE
TRANSMITTER

|
|
SOURCE ,-:.Fncooa MODULATOR

I T P |

e

3
<
>
zm
z
©

———— B ———
-y
£
3
3
M
>
2

|
{
|
|
omowutl‘ DECOOER [=4»] USER
|
|
|
|

| Channel turbulence is characterized by quantitatively establishing the
( < amount of random fluctuation that the electromagnetic wave acquires in
Jl Y passing through a medium. This ie accomplished by establishing the sta-
’_ tistical parameters characterizing the probability distribution for the ampli-
T tude and phase of the wave. The lognormal probability distribution for the

“» amplitude and normal distribution for the phase is recommended. Previous
-~ work to compute PSK performance used the Rician amplitude distributior.

‘ The Rician distribution also had previously been supported by deWolf in
Venus propagation studies. However, the lognormal distribution gives a
more accurate representation with regard to the physics underlying the
L scattering pheromenon in the case of weak fluctuations. The performance

of the PSK system with lognormal fading was derived and is given in Appendix
L4 7.6C, Figure 7.6C-1, using values for the variance computed by Woo at the
surface of Venus. These values are based on Soviet Venera 7 data. The
effect of the phase fluctuations, as expected for Venus probe channels on the
coherent receiver; appears to be negligible. This area requires more .

. ( 3 investigation however, as does the tracking problem. Appendices 7. 06A,
3 ) 7.6B, and 7. 6C present a detailed overview of the theory and experimental
:__ - 70 6.5
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are highlighted below:

data pertinent to modeling the channel turbulence, as well as explaining

why the complex lognormal turbulence model is recommended,

¢4

Studies of the Doppler profile due to probe motion indicated early in
the study that tracking using a gsecond-order loop was not feasible during
portions of the pre-entry, as well as post-entry period. This implies that

data must be stored for a period of time after blackout before transmission

s

begins or else one must rely on recovery of data from a DSN predetection

magnetic tape.

&j L B

In Appendix 7. 6F a model is recommended for assessing the atmo-
spheric attenuation and defocusing losses on up-link and down-link radio
signals passing through the Venus atmosphere. Techniques for assessing
the deleterious effects on link performance due to planetury multipath
(backscatter) ara given in Appendices 7.6A and 7. 6G. Appendix 7.6A pre-
sents the necessary theory while Appendix 7. 6G giveas the geometry in-
volved in applying the theory to assess the actual link degradations. The
impact of channel effects on performance is given in the design control

tables of Appendix 7.6H. Significant factors taken from these appendices

Turbulence Fﬁadiqg {Appendices 7. 6A, B and C)

Cofnﬁiex Lognormal Turbulence Model (Recommended)
e Amplitude characteristic (lo_g'normé.l)
e Phase characteristic (Gaussian)
e Supporting theory - Tartarskii, Strohbehn, Woo, Ishimaru
¢ Weak amplitude fluctuations
osingle parameter amplitude distribution

e Parameterized >y experimental data--Veneras 4, 5, 6, 7--
Mariner 5 flyby :

eSlow fluctuations - -fading rate given in Appendix 7. 6A .

eSpurs development of new theory of tracking and data
detection performance.

Rician Turbulence Model (not recommended)
¢ Amplitude characteristic (Rice-Nakagami)

e Phase characteristic (sine-wave plus Gaussian noise)

7.6-6
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eSupporting theory--deWolf

eValid for strong fluctuations

eTwo parametric amplitude distribution

eSlow fluctuations

eDenounced by Tartarskii for weak fluctuations

eLater denounced by deWolf in favor of lognormal model for amplitude.

Atmospheric Attenuation (Appendix 7. 6F)

~ Absorption and Refractive Defocusing

e Loss theory developed by Croft, Eshleman, Marouf, and Tyler
of SEL

e Loss theory also developed by Martin Marietta Corporation using
planet model, SF.8011 :

* Recommended mode) for preparation of design control table
is Martin Marietta Corporation model.

. Planetary Backscatter (Appendix 7.6G)
c eModel and theory given in Appendix 7.6A

eProbe geometry and velocities with respect to Venus are used to
tabulate effects (see Appendix 7. 6G) - T

AoCb'r'xc'lusion-_planetary backscatter is not a first-order effect
and can be assumed negligible in preparing design control tables.

7.6.3.2 Modulation Trades

During the course of the study four modulation techniques were con-

sidered for the probe communication links. These include:

e Phase-shift keying a subcarrier while retaining a carrier component
for carrier tracking and coherent demodulation (PSK/PM)

e Phase-shift keying so as to suppress the carrier (PSK/SC)
eAmplitude shift keying (ASK or on-off keying) the carrier directly
eMultiple frequency shift keying (MFSK) with noncoherent detection.

Neglecting the application of codirg and considering a perfectly synchronized

" white Gauesian noise channel, then PSK/S‘CVis the most efficient ameny the

7. 6"7




above modulation candidates; however, for probe communication links one -

must consider the following additional design constraints and factors:
1) Turbulence effects
2) Absgorption and defocusing effects b
3) Thermal noise :
A 4) Planetary backscatter effects
5) DSN capability "
6) Costs
h 7) Weight and power constraints
5 ‘ 8) Missic;n Doppler profile
. 9) Signa. acquisition time and range

10) Data handling constraints

1
i sl e e £, e .

_Considering the above factors and désign constraints, the advantages and

. - disadvantages of each moculation technique are summarized in Table 7.6-2.

!

r
wa

The entries in this table are provided from the study results documented
in Appendices 7. 6A through H.
From Table 7. 0-2 the modulation choice is PSK/PM for both the

large and small prcbes. The rationale is primarily based on cost, com-
patibility with DSN hardware and software, existence of flight-qualified

‘hardware, and communication efficiency provided by coherent detection
and Doppler extraction tempered by the disadvantages of the other modula-

tion candidates.

7.6. 3.3 Coding Tradeoffs

The most suitable candidates for coding methods to be used on

| planetary entry probe communication channels are sequential and Viterbi.

These coding techniques provide significant reduction in required E‘b/N°

at a specified probability of bit error from the uncoded PSK requirements.

They also provide superior error rate performance to orthogonal codes,

as well as block codes of equivalent complexity. Hybrid and bootstrap codes

are too complex for this application, Which of the two methods, sequential

or Viterbi, is more suitable is essentially dictated by the user data O
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Table 7. 6-2. Comparuon of Candidate Probe

Modulation Techniques

MORULATION IECNNUQUI

1o PEK/SUPMESSE
CARRIER MODU\AIION

ADVANTAGES
1) EFFICIENT USE OF TRANS-
MITIER POWER FOR DATA
TRANSMISSION AND CAR-
RIER SYNCHRONIZATION,

2) DOES NOT REQUIRE A SUl-
CARRIER NMOMAYOR
ASSEMR

) !FPICI!NV 05 OF CHANNEL

4) ’lOVIDlS '“ COMERENT
DOMPLER EXTRACTION.

0. ASK (ON-OFF)
" MODULATION

B ——————

1) EFRICIENT USE OF TRANS-
MITTER PEAK POWER CAPA-
stry:

2) SIMPLE TO tM'LEMENT IN
THE SPACECRAF

), MFSK MODULATION

1) DOES NOT ﬂimlli (-

NE DETECHON —
THUS COHERENT CARRIER
AND SUBCARRIER TRACK-
ING I.OOPS ARE NOT
REQUIRE!

2) 10IAL IMNSMH‘I‘EI
POWER ALLOCATE
DATA ‘IIANSMISNON AS
zm ‘AS SYNCHRONIZA-

N,

["==NGT BIN COMPATINE.

DISADVANTA
« NOTDSN COMPATINE .

- TRACKING LOOPS MUST TRACK
IC! THE DOPPLER AND
DOPPLER RATES,

lNYIOWCH 100° PHASE AMBI-
GUITY IN DATA STREAM,

- RIQURES DIFFERENTIAL EN-
CODING OR POWER ALLOCATED
1004 llSlWN. CARRIER,
INEFFICIENT DUE TO NOISY
I !I INCl‘tOSS AT LOW

CO" 18 HIGH TO IMPLEMENT
IN DSN. .

« REQURLS IMPLEMENTATION
THRESHOLD

"OF A VARIABLE
IN RECEIVER OWING 10
FADING.

- INEFFICIENT USE OF AVER-
AGE TRANSMITTER POWER.

- DOt$ NOT PROVIDE DOPPLER
DATA DURING OFF PERICDS,

« CREATES SIGNAL ACQUISI-
THON MOMEMS.

- IEQURIS DEVELOPMENT OF
REQLIENCY AND MT SYNCH-
RONIZA‘I’ION ALGORITHMS

- :‘.'?SY 1S HIGH TO IMPLEMENT

- NOT DSN COMPATILE UNLESS
RECORDING. CAPABILITY IS
IMPLEMENTED .

- PROGRAM COST IS APPROXI-
MATELY $3 MILLION >PSK/PM.

- DUE TO OSCILLATOR IN-
STAMILITIES INEFFICIENT 10
USE AT DATA RATES LESS THAN

n mms ”R s:couo

- A FREQUENCY TKACKING
ALGORITHM HAS NOT BEEN
FULLY DEMONSTRATED TO

TRACK DOPPLER AND
DOPPLER RATES.

- A TIME (31T SYNC) ALGORITHM
COMP-TILE WITH A FREQUENCY
TRACKING ALGORITHM HAS NOT
BEEN DEVELOPED.

1 -. REQURES DEVELOPMENT OF A

FLIGHT QUALIFIED FREQUENCY
SYNTHESIZEA.

- OSCILLATOR INSTABILITIES DE-
GRADE DETECTION ¢ EFFICIENCY.

tv. PIK/PM MODULATION
MECOMMENDED FOR
BOTH SMALL AND
LARGE PROPLS)

1) DSN COMPATIME,

2) FLIGHT QUALIFIED
HARDWARE EXISTS.

3) COST EFFECTIVE.

#) PROVIDES FOR COMERENT
DOFPLER EXTRACTION.

8 AOS‘ EF?ICIEN\‘ FORM
A DETE CNON
'(GIGHI NG #5K/8C

- thFFICI!N‘ AT LOW DATA

- mnowcss 180° PHASE AMBI-
GUITY IN SUBCARRIER.

1S CHOSEN,

NOtE: 11 IS ASUIMED THAT PREDEIECTION RECORDING 15 REQUIRED WHATEVER TECHNIQUE
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requirements, channel characteristics, system complexity consgiderations,
and DSN hardware compatibility. The latter of these is a significant cost
consideration. The choice is sequential decoding primarily based on com-
patibility with DSN and existing Pioneer spacecraft equipment, Interleaving

is not presently recommended due to DSN noncompatibility.

To make the choice and design for the channel it was necessary to
obtain the performances of the two coding methods for probe channels.
Although the performances of each method have been previously computed
by computer simulation for the additive white Gaussian noise (AWGN) chan-
nel, these results are inadequate because we are faced with significant
receiver synchronization errors, as well as chennel fading due to propaga-
tion effects. Therefore, we were required to develop the necessary theory
and computer programs to compute the performance of the coded system
using either sequential or Viterbi decoding in the presence of synchroniza-
tion errors and multiplicative noise (fading). The corre sponding perfor -

“mance for the uncoded PSK system was also computed. With these results
we are able to compare the performanceés of the two coding methods, their
coding gains, and the theoretically achievable benefits of interleaving. In
addition, the results are used to construct the link design control tables,
Table 7. 6-3 summarizes the results for a 50-degree transmitting angle

{from the surface of Venus.

Table 7.6-3. Required Eb/No wi:h Lognormal Fading

and Radio lL.osses

IDEAL (ADDI- NOISY CARRIER COMBINED NOISY | _ TOTAL RECEIVER
CODING METHOD, | TIVE WHITE REFERENCE EFFECTS CARRIER REF CARRIER, SUBCARRIER
AT 50 BER a3 GAUSSIAN INCLUDED LOGNORMAL AND FADING AND FADI
JBER 0T INQISEONLY) | 1308 INZ8 o) | FADING EFECTS | EFTECTS INCLUDED | LFFECIS INCLUDED
FOR 10 . on ©8) INCLUDED (D8) ©8) {08)
viTeRs!
R-13, K-8 (i 5.2 4.95 6.8 7.7
SEGUENTIAL
R-172,K=3 2.25 5.15 7 6. 7.9
128 BPS : - (7.4 AT 64 89%)
UNCODED PSK 6.9 B 7.5 o2 8.9 9.9
SEQUENTIAL |
DECODING ]
}_mm 4.65 2,35 3.5 2.0 2.6
[ ViTeRst BECODING |
GAIN 4 2.3 1.25 2.4 2.2
" THEORETICAL INTER-
= LEAVING GAIN OVER
CODED SYSTEM WITH-
OUT INTERLEAVING 2.0

SR

i)

o

b
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The basic data used was the AWGN results for Viterbi decoding avail-
able in the literature, and the experimental AWGN sequential decoding re-
sults with and without receiver loss, obtained at J PL by NASA /Ames.

The sequential decoding results without receiver losses are given in Fig-
ure 7.6-3. The effects of reference phase errors and amplitude fluctua-
tions due to channel fading were included in the bit error or frame deletion
probability, PE' through the integral

PE = f f P(Elg, A) Po,A (6, A) dedA.
e YA

The P (E|8, A) represents the probability of bit error or frame deletion
conditioned on a phase error value ¢ and an amplitude value A. In the
computations we have assumed that the noisy carrier phase reference and
the fluctuating signal amplitude due to fading are independent and remain. .
constant over the decoder memory length, In the cases where subcarrier
loss estimates were required, -subcarrier losses were arrived at by the
_information availabie in the Telecommunications System Design Techniques
Handbook with a 0.2 dB estimate added for Doppler effects. Using the
NASA /Ames data for sequential decoding deletion.rate with all receiver
losses included and computing the fading effects on these data, the total
logs was estimated, These results are given in Figure 7.6-4, To obtain
more accurate results, elaborate simulation or experimentation is required.
For details of the analysis and tradeoff, see Appendix 7.6D.

Based on the performance values, DSN compatibility, and commonality
with existing Pioneer spacecraft encoding equipment, the sequential decod-
ing technique is recommended for the Atlas/Centaur configuration for both
the ‘la.rge and small probes. Interleaving cannot be recommended without
further study because of complexity, storage requirements, DSN incempatibil -
ity, and possible loss of large amounts of data at impact because of the
stored data. Even though the table lists a theoretical 2.0 dB interleaving

gain it may be difficult to realize this gain,

.
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To compute the performance of an MFSK system with these codes,
metric derivations and other analyses were required. Since PSK is the
chosen modulation, MFSK results are not given here, but the performance
results, as well as other pertinent material, are contained in Appendix 7.6E.
The coding choice for the MFSK system with off-line processing is Viterbi

decoding with constraint length 10.

7.6.3.4 One-Way versus Two-Way Links

A tradeoff study of one-way versus two-way links was performed to
decide which type or types of links to use in the large and small probes.
This study, reported in Appendix 7. 6L, was done in conjunction with the

modulation tradeoff studies and was sirongly influenced by the projected
| capabilities of the DSN in order to effect a cost savings, A major factor
irfluencing our decision was the requirement for a transponder established
in the Version III science payload definition.‘ The Version IV science pay-
load deletes this requirement and reconsideration of the one-way link is

- recommended.

‘Requi~ements

" Basic reqmrements are: (1) to prov1de some measure of Doppler
to assess wind shear as the probes descend to the. pla.net's surface;
(2) prov1de downlink telemetry from each of the probes during the descent
phase; (3) provide capabilities of performing both Doppler measurement
and telemetry for a minimum of two probes and the bus simultaneously
for a staggered arrival time of probes at the planet; and (4) alternatively,

consider providing Doppler measurement and telemetry for four probes and

the bus slmultaneously for a nearly simultaneous arrival of probes at the

pla.net. Additional requxrements are given in Section 7.6.2.

Theory

Theoretical analysis of the predicted performance for the one-way and
two-way links is presented in Appendices 7.6A, 7.6B and 7.6C. It has been
concluded that the effects of fading on the tracking loops are relatively
negiigible and that one-way and two-way links are comparable when the
uplink signal-to-noise ratio is high.

7. 6-13
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DSN Capability and Constraints

The DSN has the capability for a maxin.um of three uplink channels
of 40 kW or greater (two at Goldstone, one at Madrid or Canberra) cover- -
‘ing vehicles in a 64-meter antenna pattern.

For the case of two or more probes arriving at the pla,net «t the
same time and requiring high power uplinks for two-way Doppler, at least
two uplinks are needed. Should the Goldstone transmitter be inoperative
the two 40 kW channels would not be available, leaving only one uplink for
two or more vehicles, Therefore, it is concluded that at least some one-way
links are required unless one resorts to one probe at a time coverage or use
of nonstandard DSN transponder turnaround rations; this latter approach was
deemed too costly. See Appendix 7, 6L for details of this study.

Signal Acquisition in One-Way and Two-Way Links-

An automatic frequency search capability in the transponder would
provide the quickest uplink acquisition and two-way downlink acquisition
with least loss of post-entry data as compared to ramping the ground trans-
mitter. ' This is true because of the time of arrival uncertainty and the fact
that for any reasonable uplink ramp rate (to search the uplink frequency
uncertainty ia a reasonable time) the rate is too high for downlink acquisi-
tion. Hence, one must delay ramping the uplink transmitter for the post-
entry phase until the probe, even a late arriving one, will have entered.
This results in probable loss of two-way Doppler for several minutes and
possibly loss of data due to frequency jumping when the uplink does lock.

A comparison of acquisition times for one-way and two-.way links for -
va'.ri.ous‘Dopple;r_‘ predict accuracies and oscillator stabilities is given in.
Appendix 7.6L, Table 7.6L-2. For one-way links with probe oscillators

having long-term stability of one part in 106 or better, the downlink acquisi-

tion tifrie i3 comparable to a twowway link with auto search in the transponder. .

Tracking Accuracy

Range rate errors due to frequency uncertainty alone need to be less
than + 10 mm/s (refer to Section 4.2.4). For the range rates experienced,
this results in a need for an oscillator having a long eterm destgn frequency
stability of about + 4 parts in 107 and + 8 parts in 10 at the actual post ~
entry time. Refer to Figure 7,6L.-3 of Appendu: 7. 6L.
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Hardware Implications, Weight & Cost

A comparison of weight and cost of one-way and two-way links shows
a weight savings of 1.7 kg (3. 75 1b) for a one-way link for the Atlas/
Centaur over that of a two-wa.y link due to elimination of the receiver,
diplexer, and some RF cabling even though the receiver is replaced by a
stable oscillator., The savings is slightly less for the Thor /Delta. Also,

there is a cost factor of about $1/2 million in development and hardware

Mre o W

costs for two.way links comparecd to one.-way links,

Telemetry Degradation Effects

One-way and two-way links with high uplink signal-to-noise ratios
are comparable in performance after uphnk acquis:.tmn is effected; how-
ever, depending on the uplink acqui sition method, the downlink transmis-
sions can be degraded by delayed acquisition of the uplink, Malfunction

2 ~:-,r.4i£ﬁ b

of receivers, switchover circuitry, and other problems can contribute to
loss of two-way downlink data; therefore, we conclude that the two-way P

link is more risky and the more expenswe of the two.

Recommendation

A two-way link is recommended for the large probe primarily be-

cause it is included on the Version III science list, One -way links with
stable oscillators (+ 4 parts in 107) are recommended for the small probes
due to lower cost, lack of sufficient DSN uplink capability, and some doubt g

as to the need for twu-way tracking. A final review of use of the two-way f

link on the large probe is desirable before commitment to hardware.

7.6.3.5 Probe Communications Hardware Tradeoffs

Several hardware configuration tradeoffs were made in selecting "‘
baseline components to meet the basic mission requirements and assess ;
relative weight and cost penalties. The latter, in many cases, consisted
of engineering judgements on relative cost.

Probe Antenna Tradeoffs

~ " The objective of the tradeoff study was to investigate and select a
low-gain antenna for Pioneer Venus mission. The basic requirements
- ( considered in the tradeoff were:
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1) Use a single antenna for both large and small probes

2) Obtain maximum gain over antenna communications coverage
(see Figures 7.6-5 and 7. 6-6)

3) Minimize the antenna size, weight, and cost

4) Select a circularly polarized antenna whose pattern has acceptable
‘axial ratio degradation over the coverage angles

5) Select material suitable for high temperatures and low cost
construction,
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Two basic types of antenna patterns were considered, the conical
beam and the split conical beam (butterfly). "Four different small light-weight
antennas were investigated that basically meet the above requirements.

They are:

1) Turnstile over a conical cavity
2 Plana.r spi.ral

.3) Conical spiral

4) Loop vee,

Antenna trade characteristics are shown in Table 7. 6-4. For the
Thor /Delta mission the butterfly and conmic-patterns were considered-
because both could meet the pattern coverage requirements., However, -
for the Atlas/Centaur mission the probes have a wider communications

coverage area (from approximately 0 to 70 degrees on-axis dué to targeting

v spread of the small probes), whzch eliminates the use of a butterfly pattern.

This eliminates the loop vee antenna and the difference mode excitation of
the planar and conical spiral. The turnstile /cone was selected for both
Atlas/Centaur and Thor/Delta missions as the antenna which best meets
the performance requirements listed above. A detailed desc'ription of the
tradeoff study is presented in Technical Note P73.- 203434 076, Rev B,

"Probe Antenna Selectxon, " by G. R. Proctor, Martin Manetta Corporation,

Denver, Colorado, February 22, 1973.

S-Band Power Amplifier Tradeoffs

Several suppliers of solid-state S-band power amplifiers have been
contacted regarding their capabilities and product line items in the 5 to
40 watt power output range. A result of this survey, including interchange
of data with TRW, is shown in Table 7. 6-5, Of the companies contacted,
Microwave Semiconductor Corporation's designs appear to come closest to
meeting our requirements, although they must be repackaged to include an
output filter and isnlator. Traveling wave tubes amplifiers were never
seriously considered due to the entry environment although Watkins Johnson
does not anticipate problems in this area {with special orientation when.
mounted in the probe).
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Baseline power amplifier nominal outputs for the Thor/Delta and

Atlas/Centaur missions are as follows:

Thor /Delta " Nominal Output Power (W)

Large Probe 21.9

Small Probe 10.0
Atlas/Centaur

Large Probe , 36

‘Small Probe . _ - 20

Consideration was given to commonality of design between bus and
probes to effect cost savings. For the Thor /Delta mission, probe weight
and volume were critical. These factors ruled out the paralleling of
single 6-watt packaged spacecraft units to provide the 10-watt small
probe and 21. 9-watt large probe units, Also ruled out for the same rea-
sons was the paralleling of single 12.-watt units to obtain 21.9-watts for

the large probe.

For the Atlas/Centaur configuration the decision was to use a single
20 -watt unit for the smail probe and two parallel 20 - watt units for the large

_probe as opposed to developing a 20 - watt unit and a 36-watt unit or using

two 11-watt units and four 11-watt units. However, when final detailed costs
are developed this decision may be reversed to that of using individual 20

and 36 watt units for better performance.

. The method selected for paralleling the two 20-watt small probe

Atlas/Centaur units is the simplest, namely the use of hybrids, Other

methods considered were switched 1/4A transmission lines to provide
partial redundancy and diode switched Wilkerson hybrid combiner but both

were rejected on the basis of added complexity and cost.

Transponder Recei- er and Transmitter Driver Selection Tradeoffs

A transponder or combination of receiver and transmitter driver is
required for the large probe and a transmitter driver is required for the
small prot«s, - For the Thor/Delta probe configurations, weight and
volume restrictions are quite severe. Units considered for the large probe

were a Viking transponder (modlified), separate modified receiver and
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Table 7.6-4.

Probe Antenna Trade Characteristics

CHARACTERISTICS j | ' : : i
ANTENNA | 30B. | POLAR- | FEED AXIAL | MASS| MATERIAL  SIZE POWER BACK- | PATTERN | DEVELOPMENT STATUS (L5 H
GAIN AT | BEAM- | 1ZA- RATIO | (KG) MANDLING | LOBE | TYPE
2.( g a?)"z %1221) TION (0B) (L8) mpnu- (0B)
CONCEPTS w)
5.3CM X THE ANTENNA 15 A MODIFIED | BEING A MODIFIED
11.4 CM DIA VIKING LANDER RADAR ALYt . | ANTENNA AND MA
540N 120 RHC | SINGLE |4 BE- 0.23 | METAL |(2.1IN. X | GREATER 214 | CONICAL [METER ANTENNA, A BREAD-  }OF METAL WHICH 1!
AXIS SPLIT TWEEN | (©0.5) | AND  [4.5IN. DIA) [ THAN BEAM BOARD MODEL HAS BEEN BUILT - { MAINTAINED, THE
BALUN o 10 70° DIELEC- ) AND TESTED ON A THOR/DELTA | THE ANTENNA IS I
TRIC LARGE PROBE MODEL (SEE f<FER- b?&ggm&%s}g
ENCE 1* AND APPENDIX 7.61).
THE ANTENNA MET THE GAIN | 12, MAKE A CERAM
TURNSTILE/CONE COVERAGE REQUIREMENTS EAS- .
1LY AND THE SMALL SIZE I
COMPATIBLE FOR BOTH LARGE
AND SMALL PROBES.
NO PAT~ SINGLE METAL | ANTENNA CONICAL | THE ANTENNA WAS CONSIDERED] THE COST 1N DEVE
TERNS BALUN AND  |TOO LARGE BEAM FOR PROBE USE IN REFERENCE1°.| A CERAMIC MOLD |
E OR EPOXY |FOR PROBE IT WAS DETERMINED IN THAT | TOLERANCES NECE
GAIN SUM MODE 0.27 | FIBER- | WHEN HPBW |HEATING STUDY THAT THE SIZE BECOMES | PHOTOETCH THE Al
OBTAINED EXITATION 0.6) | GLASS |15~ 120 DEG | DAMAGE TOO LARGE WHEN THE HPBW | THE CERAMIC  MAL
n oRr 2.3Cmx  |AT20 WAS LARGE ENOUGH TO MEET | TENNA CONFIGUR
‘E:_l‘ SINGLE 5 BE- CERAMIC 11,4 CM BUTTER- | THE GAIN COVERAGE REQUIRE- | MORE COSTLY THA
i 50 RHC | BALUN TWEEN PLATE  |DIA (1.5 tN. -4 | FLY MENTS. THE POWER HANDLING | ANTENNA.
T |27 §=40 DIFEER- | 150 4 70° X4,5IN, BEAM | CAPABILITY WAS ALSO A PROB-
A4 ia hé)%[ gm\{nm LEM AREA.
Y
PLANAR SPIRAL EXITAHON ONDE AN
- TENNA
ae SINGLE METAL  [8.9 CM X CONICAL | A BREADBOARD MODEL WAS THF COST IN DEVE
. 45 - JALUN 486 0.3 |aND  [5.3CMDIA BEAM DESIGNED, BUILT, AND TESTED |A CERAMIC CONE
ON RHC TWEEN  {(0.5) [ EPOXY |(3.5IN, X (SEE REFERENCE 1%) FOR PROBE | THE TOLERANCES !
AXSS SUM MODE | o , 700 FIBER- (2.1 IN. DIA) [ GREATER | -7 USE. THE PERFORMANCE AND | PHOTOETCH THE A
EXITATION GLASS THAN 12 ARE ACCEPTABLE, HOW- | THE CERAMIC CON
OR ) EVER THE HIGH TEMPERATURE | MAKE THE COSTS |
SINGLE CERAMIC [10.2 CM X CERAMIC CONE WOULD NEED | CONSIDERARLY O
3.8 55 RHC | BALUN 4 BE- 0.32 | CONE |9.4 CM DIA BUTTER- | AORE DEVELOPMENT, ANTENNA,
OfF 5 60 TWEEN [ (0.7) “.01N, X FLY
ﬁuss ?xéga 3° & 7° 2.7 IN. DIA) -1 | BEAM
AN
CONICAL SPIRAL e Dt oN
5.6 CM X THE ANTENNA WAS CON- THE ANTENNA IS
20 3.1 CMDIA SIDERED FOR THE THOR/DELTA | CONSTRUCTION,
z 00 | wc | sinoLe {5 ee- 0.23 | METAL |(2.2IN. X |BREAK- -9 BUTTER- | MISSION, HOWEVER THE PATTERN CHARAC
FF ] BALUN TweEN (0.5 [ AND  |1.2IN. DIA) [DOWN FLY PATTERN CHARACTERISTICS (BUTTERFLY) ELIMI
arS 40° & 90° DIELEC- Al BEAM (BUTTERFLY) WILL NOT MEET ANTENNA FOR Al
ﬁ‘ S me ~40 THE COVERAGE REQUIRE- CENTAUR MISSIC!
NGLE MENTS Of THE ATLAS/
CENTAUR MISSION, ThE
- N
LOOP v BREADBOARDED A
OF VEE {N REFERENCE 1°. THE AN.
TENNA HAD SERIOUS PROB-
LEMS WITH POWER BREAK-
DOWN AND CIRCULARITY.

YOLDOUT FRAM!
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COs. NOTES

ADDIFIED | BEING A MODIFIED VIKING THE ANTENNA {5 MACHINED
- R ALTI- ANTENNA AND MAINLY MALS FROM HIGH TEMM.RATURE
BREAD- OF METAL WHICH IS EASILY TITANIUM WITH A HIGH
ENBUILT |MAINTAINED, THE COST OF TEMPERATURE CERAMIC DI~
== V/DELTA | THE ANTENNA 1S RELATIVELY ELECTRIC USED IN THE BALUN,
- $EE REFER~{ LOW COMPARED TO THE Dt -

X 7.60) VELOPMENT COSTS NEEDED
“ 3E GAIN TO MAKE A CERAMIC MOLDED
—ZINTS EAS- ANVENNA,
"BZEIS
% LARGE

Table 7. 6-5. Survey of Power Amplifiers

-5 NS IDERED] THE COST IN DEVELOPMENT OF | THE ANTENNA 1S PHOTO-
=gRENCE |*.| A CERAMIC MOLD AND THE . | ETCHED ON A HIGH [EMPER- NMANUFACTURER | PROGRAM STATUS MASS DC POWER | RF POWER COMMENTS
=3 mér TOLERANCES NECESSARY roo mﬁ;& gﬁewgcmls’kggrgg " (KG) (\8) W) W)

BECOMES | PHOTOETCH THE ANTENNA ON H N . 18 6 FAUST MODIEY DESIGN 1O

€ HPBW | THE CERAMIC MAKES THIS AN- | HIGH PURITY TITANIUM. RADIATION INC. | HECHROLOGY DELIVERED [ 0.150.3) REBUCE TUNCTON TEMP

TO MEET 'IECI;INA c?uncuunon ?\ucn o phere

REQUIRE- | MORE COSTLY THAN A METAL .
~4ANDLING | ANTENNA, RW DEFENSE SATELLITE | ENGINEERING | 0.34 ©.8) 15 4 WOBGAIN
5 APROB- PROGRAM (DSP) MODEL B

M ALIFY | 0,23 (0.5 2% ? REPACKAGE 10 INCLUDE
: s f,?:‘g"é:f"" MUST QU FILTER AND ISOLATOR. -
SHELF 0.45( 1) 52 12
o 0.9 ( 2 0 17

L WAS THE COST IN DEVELOPMENT OF | THE ANTENNA IS PHOTO- - 0.y 277 100 2
—~D TESTED ? ce‘nmc CONE MOLD AND o iT'cl;gD ON A HIGH TEMPER~ 0.9 (2 150 30
=R PROBE | THE TOLERANCES NECESSARY T TRUNCA1ED CERAMIC i \ 27 5 COULD BE ADD-ON
CRAND | PHOTOETCH THE ANTENNA ON  +CONE. THE BASE IS ALSO OF PHILCO FORD | FROPOSED 0t 3 «Q 10 |MODULE TO A TRANSMITTER

, HOW- | THE CERAMIC CONE, WOULD TITANIUM, .5 (3.3) 105 20 DRIVER
=ERATURE MAKE THE COSTS INCREASE
E10 NEED cgrsmzusw OVER A METAL MOTOROLA PROPOSED o.e':: /(L 4) gg . g

A .
) ENNA NA 2 ®
NOIE; WEIGHIS DO NQT REFLECT HEAT SINK BASEPLATE FOR HIGH PROBE TEMPERATURE ENVIRONMENT.

a=ON- NilkANH:NNA 1S SIMPLE IN THE ANTENNA 1S MACHINED
SOR/DELTA CONSTRUCTION, HOWEVER THE FROM TITANIUM WITH A

THE PAITERN CHARACTERISTICS CERAMIC DIELECTRIC USED
=FSNCS (BUTTERFLY) ELEIMINATES THIS IN THE BALUN.
ST MEET ANTENNA FOR AN ATLAS.
_JIRE- CENTAUR MISSION,
=/

THE
Z5NED,

TESTED

;AN
= PROB-
==E AL~ *REFERENCE 1 1S TECH NOTE
P, 73-203434-076.
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transmittar driver of the Pionecr 10 and 11 design, and separate modified

receiver, transmitter-drivers of the Skynet 1l design. L o

For the small probe, a modificd Pioneer 10 and 11 and a modified
Skynet I {or modified Viking transponder modules) were considered. Table j

7. 6-6 compares estimated power weight and status of these units,

Table 7. 6-6. Transponder, Receiver, Transmitter Drivers o

MANUFACTURER | PROGRAM STATUS UNIT MASS 0OC POWER COMMENTS
- : : _Jwcian | w ..
TRw PIONEER 10/1) FLUIGHT REC 2,45 (5.4) 2.0 l!QUlIES SPECMI. POW!I INPUT
XMTR 0.59 (1.3} 1.4 [(OTHER THAN 28VDC) A
OTHER MODIFICMIONS (SEE TEXT)
PHILCO FORD VIKING LANDER IN QUAL TRANS- 2.0 “.4) 4 NEED 1O REDUCE MAGNETIC FIELD P
PONDER FOR CLEANLINESS (SEE TEXT FOR i
OTHER MODS). ;
PHILCO FORD SKYNET I FLIGHT REC 0.99 (2.1) 1.5 |WEIGHT & POWER ESTIMATED FRCM
XMTR 0.64 (1 .4) 4.0 |PHILCO FORD DATA SHEETS.
PHILCO FORD VIKING - SKYNET it REC 0.95 (2.1) 1.5 |ESTIMATED FOR PIONEER VENUS
COMBINED DESIGN XMTR 0.44 (1.4 4.9 | THOR/DELTA MISSION
.. | ~oraccomeuswo|
MOTOROLA MAs:mesl "1 7 |TOO (ARGE AND HEAVY.
MOTOROLA THEIR N DESIGN TRANS- NO ESTIMATE OBTAINED ON
MINIATURIZED MID-23 PONDER PERFORMANCE .
VERSION DEMON- :
STRATION |
™w : THEIR - - . AN DESIGN REC NO ESTIMATES OST1AINED ON
MINIATURIZED 1973 PERFORMANCE .
VERSION XMTR
Modtftcattons reqmred for the receivers, whether part of a trans- .

ponder or separate units,’ “{nclude addmg frequency search and acqulsttxon
capability, modifying the threshold tracking loop bandwidth to 250 Hz

. (2B, O)' eliminating the command channel (and ranging on the Viking re-

ceiver). Modification of the transmitter driver portions of the trans-
ponder or individuzl transmitter drivers is required to eliminate dual

subcarrier inputs (only one subcarrier is used for the probes), The Pionreer

. units require a special power supply to provide both +12 volts and -12 volts

DC for the receiver and =16 volts DC for the transmitter driver.

The baselme selection for the Thor/Delta large probe is Skynet-ll-type
geparate receiver and transmitter-driver units using Viking modules to get
the 557 Zill) frequency ratio. For the Thor/Delta small probes a transniitter-
driver identical to the large probe is used.

For Atlas/Centaur a modified Viking transponder is used for the

large probe and a transmitter-driver using Viking modules is used for the

small probes.




l"

Rationale for the Thor /Delta selection is savings in weight plus
flexibility in having two smaller packages in the large probe.

Rationale for the Atlas/Centaur selection is potential cost savings
from use of an existing design and desirability of the more up-to -date

Viking design.

Dipiexer Selection Tradeoff

The diplexer selection for the large probe for both Atlas/Centaur and
Thor /Delta was based on data received from TRW and Wavecom. The
Pioneer 10 and 11 model produced by Wavecom (their Type II) with a single
antenna outlet can be used without modification, Other units considered,
such as for the Viking Lander, included unneeded functions and were quite
large and heavy.

Stable Oscillator Tradeoff

The stable oscillator for the amall probes is carried on the science
list for the small probe; however, it may not be a GFE item., Performance
requirements for this item are based on tracking and acquisition studies in

Appendix 7.6L, where it was concluded that long-term stablllty of + 4 parts

'm 107 would be the minimum to provide good tracking and acqutstnon per-

formance (less than 10 mm/s range rate error due to frequency uncertainty
and about 100 seconds or less to-acquire the downlink carrier after the Dop-

pler rates drop to 6 Hz/s or less using a 10 Hz DSN receiver tracking loop.)

Use of a less stable oscﬂla.tor, + 1 partin 106 for example, would
require an increased carrier acquisition time (189 seconds) for + 1 percent
Doppler shift prediction accuracy.

Potential sources for such an oscillator (see Table 7.6-13 in
Section 7. 6. 4.2 for typtcal characteristics) are Frequency Electronics
Incorporated Phxlco Ford, and others (response from some potential

sources is still expected).

7.6. 4 Prcferred I-’robe Subsxltem Descngtxonl Atlae/Centaur

The commumcatmns subsystoem designs are described for the large
and small probes. They are based on use of standard DSN mndulation/

demodulation, decoding, and tracking techniques. Com:mon hardware

71 6.21




78

-
[

designs hetween large and small probes are used where applicable. These

include antenna, transmitter driver, and S-band power amplifiers.

A complate set of telecommunications design control tables is con .
tained in Appendix 7.6H; however; Tables 7.6-7A and 7B of the downlinks
when the probes are near the surface (altitude<1l km) are provided here for
insight into the overall link designs. Modulation is PSK./PM on the down-
link with unmodulated carrier on the large probe uplink to provide a two-
way Doppler tracking capability. Present design is based on margin equal
o or greater than the sum of the adverse tolerances including 1 dB nominal
loss for predetection recording. For other carrier and data channel losses
see Appendix 7. 6H.

Table 7.6-7A. Telecommunications Design Control Atlas/
Centaur Large Probe, Near Venus Surface

NOMINAL ADVERSE
NO, PARAMETER VALVE TOLERANCE NOTES
V| TOTAL TRANSMITTING POWER (DBM) 36 W : + 45,6 0.8 | VOLTAGE & TEMP
2 | TRANSMITTING CIRCUIT LOSS (08) A A Y 0.4
3 | TRANSMITTING ANTENNA GAIN (D8) 8- s0° + 3.8 1.5 | GAIN VARIATION
4 | COMMUNICATIONS RANGE LOSS (DB) 0.43 AU -255.9 0.0
5§ | ATMOSPHERIC ABSORPTION & DEFOCUSKNG LOSSES (DB) - 09 0.}
& | POLARIZATION LOSS (D8) . 0.2 0.1
7 | MULTIPATH & OTHER LGSSES (OB) SEE NOTE }
8 | RECEIVING ANTENNA GAIN (OB) + 81,7 0.4 | JPLBI0-5
¢ | RECEIVING CIRCUIT LOSS DB) 0.0 0.0 | JPLBI0-5
10 | NET LOSS (DB) (2+3+4+5+6+7+8+9) -193.4 2.5
11 | TOTAL RECEIVED POWER (DBM) (1+10) ) -147,8 ER]
12 | RECEIVER NOISE SPECTRAL DENSITY - (DBM/HZ) -184.5 1.4 | 255 9.5%
13 | TOTAL RECEIVED POWER/NQ (D8M/HZ) (11-12 + 387 SUM o.7
CARRIER TRACKING
14 | CARRIER POWER/TOTAL (DB) - 5.4 0.4
15 | ADDiTIONAL CARRIER LOSSES (DB} 3 0.2 | NOTE2
16 | THRESHOLD TRACKING BANUWIDTH - 20, ., (O8) + 10,0 0.8
17 | REQUIRED SNR (D9) +13.0 .00
18 | PERFORMANCE MARGIN (DB) (13+14415-16-17) + 6,8 SUM 6.1
DATA CHANNEL
19 DATA POWER/TOTAL (D8) - 15 0.2
20 | ADDITIONAL DATA CHANNEL LOSSES (DB) - 6.0 0.5 | NOTED
21 | DATA 81T RATE - 875 (DS) g 0.0 | 128008
22 | THRESHOLD ENERGY PER DATA BIT - £,/N_ (Ob) + 2.3 0.0 | NOTE4
23 | PERFORMANCE MARGIN “B) (13419+20-21-22) + 5.8 ULt 5,4

NOTE: 1, MULTIPATH INCLUDED IN 13 & 20BELOW,
2. {,‘fﬁ: ';gigsgngcngu RECORDING LOSS + 0.5 DB DOWNLINK SUPPRESSION & DOPPLER EFFECTS
3. 1.0 DB PREDETECTION RECORDING LOSS + 3.8 DB NOISY CARRIER & FADING +1.208 SUBCARRIER
& DOMPLER,
4. K =32, RATE 1/2 CONVOILUTIONAL CODING.  FRAME DELEHION RATE 102,

?‘ 6"22 .
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Table 7. 6-7B. Telecommunications Design Control Atlas/
Centaur Small Probe, Near Venus Surface

NOMIMAL ADVERSE
‘NO, : PARAMETER © vaws TOLERANEE . NOTES
T TOTAL TEANSMITIING FOWER (OBM) 20W + 8.0 0.0 | VOLTAGE & TEM?|
2 | IRANSMITTING CIRCUIT LOSS (OB) -0 0.2 | ~Notes
3 | TRANSMITTING ANTENNA GAIN (D) AT 0= 85° + 20 1.5 | 402 0DEG
4 | COMMUNICATIONS RANGE LOSS (DR) «238.9 0.0 | o.e0mu
5 | ATMOSPHERIC ABSORPTION % DEFOCUSING LOSSES (O8) - 09 0.1
6 | roramzanon Loss (o9 - 0.2 0.}
7 | MULTIPATH & OTHER LOSSES (O8) - SEENOTE4 -
8 | RECEIVING ANTENNA GAIN (D) IR 04 | meios
o | seceiving circuit LOSS (OD) 0.0 o0 | Jmoe0s
10| NET LOSS (DR) (243040546474849) -193.3 2.3
11 | roraL recavep rowER (WM (1410) . -130,3 3t
12 | RECEIVER NOISE SPECTRAL DENSITY - (DBM/HZ) -184,0 09 | B3+ 6.5%
13 | TOTAL RECEIVED POWER/NO (DEMMZ! (N1-12) + 2.7 sum 4.0
CANRIER TRACKING
14 | CARRIER POWER/TOTAL () - 82 0.8
15 | ADDITIONAL CARtIER LOSSES (OB) - 18 o2 | norer
18 | THRESHOLD TRACKING SANDWADTH =28, (08) +100 X
17 - | REQUIRED SNR (0B} + 11,0 0.0
18 | PERFORMANCE MARGIN (DR} (13+14+18++16-17) + 6.0 UM 5.5
DATA CHANNEL
11 DATA POWEN/TOTAL (DY) « 1.6 0.2
20 ADDITIONAL DATA CHANNEL LOSSES (OB) : - 6,6 0.3 NOYE2
Hi) DATA BIT RATE - 3PS (D9) + 18,1 0.0 &4 008
22 | THRESHOLD ENCIGY PER DATA B'T = Eg/N,+ (OB) + 2.2 0.0 | NoOTES
23 | PERFORMANCE MARGIN (DB} (13+19+20-21.22) + 5.2 UM 4.7

NOTES: 1. 1,0 DAPREDEYECTION AECORDING LOSS + 0,5 DB OSCILLATOR & DOPRLER EFFECTS
INCLUDED IN ITEM 15, .

2. 1.0 DDPREDETECTION RECOR ANG LOSS + 4,4 DB NOISY CARMER & FADING + 1,2 00
SUBCARRIER & DOPPLER.

3, INCLUDES 0,4 OB RADOME LOSS,
4, MULTIPATH LOSSES INCLUDED IN 1TEMS 15 AND 20,
8, K = 32, RATE 1/2 CONVOLUTIONAL CODING. FRAME DELETION PATE 10'2.

a

Both RSS and a combination of antenna gain plus RSS of the rest of
tolerances are shown, Use of these latter criteria for margin has some
basis in fact and remains as a possible option in reducing transmitter power
by about 3.1 to 2.3 dB respectively.

Transmission periods have becn established at entry minus 45 min-
utes, or sooner, for a period of 10 minutes to «ffirm that the system is
working prior to entry. This is followed by turning on the S-band power
amplifier at 50 g incre,.:xéing plus 10 seconds (9 seconds for small probes)

for transmission until end of mission on the planet surface.
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Use of the 400 kW transmitter at Goldstone or alternatively the 170 kW
transmitter at Canberra to establish the uplink provides good signal-‘o-
noise ratio in the transponder receiver for rapid uplink lock (the receiver

has an automatic search capability for rapid acquisition),

Completion of the pre-entry transmission at least 0.5 hour prior to
blackout avoids the high Doppler rates immediately prior to entry and
allows time to change the DSN transmitter frequency to the best lock uplink

frequency estimate for post-entry.

Use of narrowband tracking loops at the DSN limits the on-line down-
link lockup operational periods to other than the high Doppler rates prior
to parachute deployment. Downlink carrier lockup time is estimated to be
40 seconds after thc parachute deployment based on uplink lock being ac-
complished in less than 10 seconds and initial use of the 30 Hz loop. For

the 10 Hz loop this time increases to 139 seconds (see Appendix 7. 6L).

The small probe link is a one-way PSK/PM link operating at a bit
rate of 64 bps. Transmission periods are scheduled for pre-entry and
post-entry as they are for the large probe. Downlink carrier acquisition
is expected to be accomplished in less than 100 seconds basec on use of
the DSN 30 Hz receiver loop for initial acquisition, (This is after high
Doppler rates have subsided to <6 Hz/s),

7.6.4.1 Large Probe Hardware, Atlas/Centaur

The preferred Atlas /Centaur large probe communications subisystem
consists of an antenna, transponder, a pair of 20 watt power amplifiers
coupled with 90-degree hybrids, and a diplexer. (Interconnecting RF cabling
is described in the cabling discussion, Section 7.9). A functional block
diagram is shown in Figure 7. 6-7. Each of the hardware components is
described in the following sections. Note that the data train encoding and
modulation of the square wave subcarrier are performed by the data handling
subsystem; the DSN configuration is discussed In Section 12.

Large Probe Antenna

The conical beam antenna selectcd for the large probe was described
in Appendix 7.6L. Characteristics are given in Table 7.6-8.

7. 6.24

~




i : i

WEIGHY PFOWER
4 41256 (1.3 1755w

70 2
Amenmvmm MK . 5K MODULATED
MODIFIED 20-W POWER SUBCARRIER
3%-W Ut AMPLIFIER TRANSPONDER
°"“"‘il'__| ume‘ ANAREN r"""“’ Pl
whvecom | 2-W POWER o [
‘ AECEHVER
AMPLIFIER NOBIFIED
T VIKING
figure 7.6-7, AtlasiCentaur Two-Way Coherent Communications, Table 7. 6-8, Large Probe
Large Probe’ Antenna Characteristics

ANTENNA TYPE - TURNSTILE OVER A CONICAL CAVITY
PATTERN - CONICAL SEAM, HPBW = 120°

ON-AKIS GAIN = + 5.4+ .2081 AT 2,1 70 2.3 CHZ
POLARIZATION - RHCP .
MATERIAL - TITANIUM
TEMPERATURE - 76¢°K

_ENVELOPE - 11,5 CM DIA X 5.4 CMm

. MASS - 0.23 KG

BACK LOBES - 14 08

POWER CAPABILITY - GREATER THAN 60 W

Atlas/Centaur Large Prabe Transponder

The functions of the transponder are to provide a two-way coherent
Doppler tracking capabxhty and a probe-to-earth telemetry link directly
to the DSN using a 2-2-1- transmit-to-receive frequency ratio,

A summary of the characteristics for each of the units, which when
operated in a two-way mode comprise a coherent transponder, is given
“in Tables 7.6-9 and 7. 6-10. The receiver is a dual conversion super-
heterodyne employing a phase lock carrier -tracking loop designed to
search, acquire, and track the uplink frequency both prior to and follow-
ing the high g entry. Ranging and uplink command channels are eliminated
in this design. In the absence of coherent drive from the receiver, an
auxiliary oscillator in the transmitter driver provides an output at the
nominal transmit frequency. Mechanical design of both units is based on
the Viking transponder moduiar building block construction, Thin and
thick film substrates are used in each module. Typical functional block
dxagrame for the units are shown in Figures 7.6-8 and 7. 6-9.

Atlas/Centaur Large Probe Diplexer

The S-band diplexer is required to allow use of a common antenna
for transmit and receive and to provide added filtering for the transmitter

output.
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Table 7.6-9. Receiver Characteristics,

Large Probe

RECEIVING FREQUENCY RANGE
NOISE FIGURE, MAXIMUM
INPUT-VEWR, MAXIMUM
IMAGE RESPONSE

INPUT SIGNAL RANGE

ACQUISITION THRESHOLD
(15 D8 ABOVE 28, o THRESHOLD}

ACQUISITION SWEEP PERIOD

LOOP NOISE BW AT THRESHOLD
(SNR O D8 IN “LO)

STRONG $IGNAL LOOP? BANDWIDTH
(20 D8 ABOVE 28, oy SNR)

FREQUENCY OFFSET ACQUISITION AND
TRACKING CAPABLITY

STATIC PHASE ERROR, MAXIMUM

TRACKING RATE AT ACQUISITION THRESHOLD
AGC RANGE

AGC LINEARITY OVER ~150 TO -70 DBM RANGE
AGC LOOP TIME CONSTAIST

‘VCXO FREQUENCY STABILITY 2 HI)
TRANSMITTER DRIVE LEVEL (AT 7 REC)

10.5
UNREGULATED POWER REQUIREMENT, 28 VDC
OPERATING TEMPERATURE
174
MASS

(6) TOTAL WEIGHT & YOLUME 'WHEN
COMRINED WiTh: THE TRANGMITIER
DRI K. SECTION INTO A TRANSPONOER

2.0KG (4.4 18) (o)

2110 - 2120 MHZ
7,508

7101

-60 OB

NOISE 10 -30 DdM

~127 DM
7%

250 W2 (20"0)
857 HZ

+ 125KH2

4 DEG

200 HZ/$

100 D8

4 10%

as

+ 310°

3w 0.5mW

1.5W
247°% 10 338°K
2200 cm® (133 IN.3) (@)

Table 7. 6-10, Transmitter Driver

" Characteristics

TRANSMITTER FREGUENCY RANGE 2190-7300 MHZ
POWER OUTPUT, MINIMUM 20 W
POWER OUTPUT, MAXIMUM 289 mW
$PURIOUS LEVEL, BELOW OUTPUT FREGUENCY 50 D) COWN, MIN
OUTPUT VSWR, MAXIMUM 1e101
LOAD VSWR, MAXIMUM SAFE INFINITY
FREGUENCY STABILITY, AUXILIARY OSCILLATOR

INITIAL FREQUENCY + toanr gt

LONG-TERM DRIFT, MAXIMUM TuseMTs

SHORT-TERM JITTER, 1,05 AVG Se.seanms ot
VCXO/AUX OSC INTERACTION, MAXIMUM 2 DEG PEAK
1F POWER INPUT FROM RECEIVER ImW e O.5mW

PHASE MODULATOR (TLM) (a)
MODULATION SENSITIVITY
SAMDWIDTH
MAXIMUM CAPABILITY

POWER DISSIPATION, MAXIMUM
UNREGULATED 28 VOC

OPERATING TEMPERATURE

size

MASS

_ SECTION CF TRANSPONDER

DEVIATION FROM STRAIGHT LINE TO 2.0 RAD

0.5 MAD/YOLT + 5%
DC 10 1.0 MHZ

2.0 RADIANS

2.0% MAX

40w

247°x 10 398°K

20 cm? 038 1IN @)
2,0 K0 (410 b)

() PARAMETER VALUES ARE REFERF NCED 1O THE S-SAND QUTPU..
) TOTAL WEIGHT & VOLUME WHEN COMBINED WITH RECEIVER

70 6"'2:6
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D AMPLIFIER AGE . ,

’ : f, ® VGO FREQUENCY
WHEN LOCKED 1O
INCOMING CARRIER

SIGNAL PRESENT

2
Mz FILTER "
2 :
(T * 'o) W
X108 x3 o e—1x12 %.; .
I ' 5
veo fe ;‘é
[
[T W— %&mmv ;
2 DRIVER
30.25 MH2
()
Figure 7.6-8, Functiona! Diasgram S-Band Recelver Portion o/
Large Probe Transponder ’
2
AUXILIARY °
OSCILLATOR
COHERENT/NON COHERENT : ‘
MODE CONTROL FROM . . o 573.7 MH2
RECEIVER OR STABLE C 0 - T
OSCILLATOR
| mooE PHASE
A o R ne il ne RHTN TS o B o
38,75 MHZ {

COMERENT EXCITANON #,
O—J

FROM RECEIVER OR STANLE OSCILLATOR

TELEMETRY . 32,768 KHZ SUBCARRIER
INUT ©

figure 7,6-9, Functional Disgram S-Band Transmitter/Driver
Portion of Large Probe Transponder

The unit is essentially identical to that used on the Pioneer 10 and 11

spacecraft. Its major characteristics are shown in Table 7. 6-11,

Special features, if any, required for this unit are related to meeting
the high g planet entry environment since the unit will handle the 36 watts

for Pioneer Venus (Pioneer 10 and 11 power was approximately 8 watts),

70 6"27




Ta.blﬂ 7- 6-11.

T i

S -Band’ Diplexer Aséembly;

Characteristics
PARAMETER SPECIFICATION REQUREMENT
RECEIVER CHANNEL:

CENTER FREQUENCY M3 5 MHZ TYPICAL
PASSHND BANDWIDTH 10 MHZ MIN
PASSSAND INSERTION LOSS 0.75 08 MAX
PASSBAND VSWR 1.15:0 MAX
STOPPAND INSERTION LG5S - .

1500 TO 2000 MHZ 65 D8 MIN

2287 10 2297 MHZ 85 D3 MIN

2350 1O 3000 MHZ 45 DB MIN

TRANSMITIER CHANNEL:

RF POWER HANDLING «®w
CENTER FREQUENCY 2295+ S MHZ TYPICAL
PASSBAND PANOWIOTH 10 MHZ MIN
PASSBAND INSERTION LOSS 0.5 08 MAX
PASSBAND VIWR 1.15:0 MAX
STOPBAND INSERTION LOSS

1500 1O 2000 MH2 45 08 MIN

211010 2120 MHZ 85 08 MIN

. 2550 TO 3000 MHZ 8508 MIN
ISOLATION BETWEEN CHANNELS

1500 TO 2000 MHZ 45 08 MIN

2106 1O 2116 MHZ 25 08 MIN

2290 TO 2300 MH2 45 D8 MIN

2350 10 3000 MH2 45 D8 MIN

Baseline Atlas/Centaur Large Probe Power Amplifier

The large probe power ampliﬁier selected for this program is anall

-transistorized microwave integrated circuit (MIC) power amplifier using

hermetically sealed MSC 3005 trunsistors and alumina microstrip match-

‘ing networks. The higher gain, more efficient 4005 transistors may

eventually replace the 3005 units for this application when more history

on these transistors is available. Networks are combmed for efficient

'parallelmg of output transistors in each amphfler. Major characteristics

of the power amplifier are given in Table 7.6-12.

Table 7.6-12, 20 Watt S-Band Power Amplifier

70 6‘28

moumcv 2290 10 2300 MHZ
POWER QUTPUT (MINIMUM) 20w 255°K 1O 31°k
18.2 W 311°K 10 339°K
BANDWIDTH 10 MHZ
PASSBAND OUTAUT MIIF ¢ 0.208
EFFICIENCY 24%
INPUT VOLTAGE BV 0%
INPUT IMPFDENCE 50 OMMS
LOAD IMPEDENCE 50 OMMS
DRIVE POWER 135 10 195 mw
INJUT VSWR 1,510 1
HAKMONICS 45 08 DOWN
. QUIFUT STOP BAND . -
(DSM AECEIVE FREGUENTIES) 60 D8 DOWN
TEMPERATURE (OPERATING) 225°K 10 3419K (CASE)
OTHER ENVIRONMENT MISSION LEVELS
aze necM’ 20 IN.Y)
MASS (NCIT INCLUDING EXTERNAL
HEAT SINKS 0.91 KG (218)

- -
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Two of these 20- watt units are paralleled by two 90 .degree strip .
line hybrid couplers to provide a nominal output of 36 watts. Phase change
material will be used to control the base plate temperature of these umits.

7.6.4.2 Small Probe Hardware, Atlas/Centaur

The preferred small probe communications subsystem consists of
a transmitter -driver, 20’ watt S-band power amplifier, antenna, and a
separate external stable oscillator. (Interconnecting RF cabling is described
in the cabling discussion, Section 7.9). A functional diagram of the sub-
gystem is shown in Figure 7.6-10. Each of the above RF components is
described in the following sections. The DSN configuration is discussed in

Section 12,

ANTENNA WEIGHT POWER
G
Y7 YIKING o 2.39K0 5.3L) 0.V
o
m r'mn mwm o SURCARRIER
MSC v e e L e an o—" —— - — -
PHILCO-FORD
S . - BSRBvinnG Jefklaron
Figure 7.6-10, AtlasiCentaur One-Way Coherent Con.munications,
) - Smali Probes

As.a subsystem the small probe communications equipment p;évi&e s .
a one-way link directly between each small probe and the DSN at a £ixe& o
data rate of 64 bps during a 10-minute pre-entry transmission period
beginning 60 minutes or more before entry, and again during the descent
phase beginning a few seconds after entry, and ending after the probe impacts

on the surface.

Error control encoding of the PCM data stream and PSK modulation
of the 32,768 kHz subcarrier are accomplished by the small probe data

handling sub sys"tem.

Small Probe Antenna

The Atlas/Centaur small probe antenna is identical in design to the

large probe antenna,

Small Probe Transmitter Ij)rive'r,‘. Atlas /Ceﬁta(xr

The small probe transmitter driver has the identical electrical
characteristics of the tranamitter driver porticn of the large probe trans-
ponder, except that the output drive power is reduced to drive a single

70 6’29
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20 - watt power ‘ainplifier and the input frequéncy is supplied from an
external stable oscillator rather than the receiver. Size and weight are !} -
given in the subsystem size, weight, and power table at the end of this
section--Table 7.6-14.

Small Probe S-Band Power Amplifier, Atlas/Centaur -

The small probe power amplifier is the same as one of the two iden-

tical 20 . watt units used for the large probe.

Small Probe Stable Oscillator - A stable oscillator is required for
the one-way links of the small probes to keep DSN signal acquisition times
to a minimum and to provide good short-term stability and minimize error

in range rate measurements.

Typical characteristics for this oscillator are shown in Table 7.6-13,
Possible sources have been previously enumerated: however, in any case,

some development work on this item ren.ains ir-addition to-that of the. o R

Applied Physics Laboratory of The Johns Hopkins University, which is
currently under contract to NASA. i

Table 7. 6- 13. Stable Osc111afor Characteristics
(Small Probe)

()

FREQUENCY RANGE 38.0 TO 18.4 MHZ
_POWER QUTPUT 3mWe 120w
SPURIOUS OUTPUT ‘ ... 50 DR DOWN, MINIMUM
QUTPUT VSWR 1.5:1 MAXIMUM
FREQUENCY STABILITY ’
INITIAL FREGUENCY 2 1 PARTIN |o°7
LONG TERM DRIFT, MAXIMUM (2 HR) + APARTS IN 10
SHORT TERM STABILITY .1 § "
AVERAGING TIME) + 3PARTS IN 10!
TEMPERATURE RANGE 247K 10 236%
POWER DISSIPATION MAXIMUM 200 mW
UNREGULATED 28 VDC + 10% () W OF HEATER POWER
- MAY BE USED FOR 1 HOUR
INTERMITTENTLY)
MASS, MAXIMUM 0.341 KG (3/418) . ¥
SIZE, MAXIMUM 7-CM-DIA SPHERE . B
(OR EQUIVALENT VOLUME) .t
OUTPUT MONITOR MOVIDE m.:vn INDICATION n
A Of POWIR t 1C CONTROL N
v TRANSMITTER SV ORIVER SORCE u

Small Probe Size, Weight, and Power Tables for Atlas/Centaur

 The size, weight, and power for the Atlas/Centaur large and small

probe communication subaystem are given in Table 7.6<-14.
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‘Table 7.6-14. Atlas/Centaur Probe Communications
Weight, Power, and Volume

LARGE ‘ROME " v
MASS powes [vorugt 5| wass [rowm[vowge o )
ko) a0 | o | wmh onyl wer as | w | emh aNd) ‘
FECEIVER 50 W4 |55 ] 220 | - e | - - '
musmml/nwn) ' COMBINED o9 @0 40 ) b
$«DAND POWER AMPLIFIER 10.6) 0.0) |170.0 % | on @o|eo m o i
ANTENNA 0.3 0.5 N.SCMoASY | 0. ©.5 11.5CM DIA BY o
5.4 CM HIGH 5.4 CM HIGH “
HYSNID COUPLERS (2 TOTAL) ®) | 0.18  ©.4) .8 R
| DIPLEXER 0.91 (2.0 109.9 N
STARE OSCILATOR B D . - 03 0.0 0.3 J
TOTALATAS/CENTAUR | 502 .| 1732 L 6. 9.2 .
TOIALTHONDUTA GEE | 3.6 (7.9 .3 137 0.0| 4.3 Fy
(o) SUM OF TWO POWER AMPLIFIERS
(8) USED TO PARALLEL TWO S-BAND POWER AMPLIFIERS

{ 7.6.5 Preferred Subsystem Description, Thor /Delta

e

The preferred communications subsystems for the Thor /Delta mis-

) sion are based on a 1977 arrival date as compared to 1978 for the Atlas/
. Centaur configuration and are designed for the Version III science payload.

These subsystems operate in the same manner as those for the Atlas/
Centaur probes using the same modulation and tracking techniques.
However, the convolutional coding constraint length is reduced toK =8 for
use of Viterbi decoding and the rate is reduced to 1/3 instead of 1/2 as

used in the Atlas/Centaur configuration. This decision was based on a

Version III conclusions that a Viterbi, rate 1/3, decoding capability would
be available at the DSN and that this decoding approach would be less
costly and show better performance under fading conditions. Bit rate for
the large probe is switched from 102, 4 to 85. 3 bps at an altitude of 30 km
as cpposed to a constant bit rate for the Atlas/Centaur large probe.

A complete set of telecommunications design control tables for the

Thor /Delta large and small probes is given in Appendix 7.6H along with
j detail justification for most parameters. However, a table (Table 7.6-15)

i is provided here for the large and small probes at an altitude near the

planet surface.

Additional carrier and data channel losses including fading for a
Rician channel, are used for Version III gscience prior to Version IV, The

lognormal channel model has been used for Version IV linke. For a com-
p. vison of Rician and lognormal channels, see Appendix 7.6C.
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RO Table 7.6-15. Thor/Delta Link Analysis, Large and
Small Probes
e Y Y — m
1 KM ASOVE SURFACE LARGE  SMALL
TRANSMITTER POWER (W-MIN) 20 9.1
1T RATE (105) 5.3 10 -
LARGE MOBE svaLL mons | o
NO. PARAMETER NOMINAL | ADVERSE | NOMINAL | ADVERSE d
l TOTAL TRANSMITTING POWER (DIW) + 3.4 0.4 +10.0 -0.4
2 TRANSMITTING CIRCUIT LOSS (DB) - 2.0 «0.2 - 1.0 «0.2
9 TRANSMITTING ANTENNA GAIN (O) + 3.5 -1.2 + 3.0 »1.2
4 COMMUNICATIONS RANGE LOSS (DD -23.7 0 258 0
3 ATMOSPHERIC ASSORPTION A& DEFOCUSING LOSSES (OB - 0.00 0.1 - 0.9 <0.1
6 POLARIZATION LOSS (OB) - 02 -0.1 - 0.2 «0.t
7 MULTIPATH & OTHER LOSSES (DO) SEE MOTES SEE NOTES
8 RECENVING ANTENNA GAIN (OB + 8170 0.4 + 817 0.4
. ‘ 9 RECEIVING CIQUIT LOSS (OB) Q 0 0 0
o 10 NETLOSS (OB) (203+443+6+748+9) 194,47 «2.00 -194.2 «2.0
1] TOTAL RECEIVED POWER (DBW) (1410) 181,27 <24 -184.2 2.4
12 RECEIVER NOISE SECTRAL DENSITY - (DSW/MZ) «24.3 +1.0 -N4.8 1.0
13 TOTAL RECEIVED POWER/NO (DBW * HZ) (11-12) + 0.1 «3.4% + 2.3 3.4
CARRIER TRACKING
14 CARMER SOWER/TOTAL (OW) am | o0 - e 0.2
‘ 1S ADDITIONAL CARIER LOSSES (OB) .07 | -0.2 - 04 0.4
. 16 THRESHOLD TRACKING BANDWIOTH - 2%0 ((-1}] + 10.0 -0.8 + 10.0 «0.8
i 17 THRESHOLD SNR (OB +13.0 ° +1%.0 0
[ 10 PERFORMANCE MARGIN (DB) (13¢14¢15=16~17) + 4.8 -4.00 + 740 4.0
. DATA CHANNEL
KA 19 DATA POWER/TOTAL (DB) - 1.7 «0.2 - 5. «0.5
20  ADDITIONAL DATA CHANNEL LOSSES (08) - 5,8 0.8 - 8.8 0.0
21 DATA BT RATE - 8PS (DB) +19.3 0 +10.0 (]
= 22 THRESHOLD ENERGY PER DATA MIT - Eb/No (o)) + 2.5 0 + 2.3 [
2 PERFORMANCE MARGIN (DB) (13+19420-21-22) + 4,42 -4.11 + 7.1 -4.7
1. MULTIPATH LOSSES ITEM 7 ARE INCLUDED . LARGE PROBE SMALL PROE
INTIEMS 13 4 B, UM Rss M Rss
2. K = 6, RATE 12 CONVOLUTIONAL VITERM ono. 3.4 1.8 sno. 34 ra [
SOFT DECISION DICODING. CAMMER 481 191 CAMiEx 48 19
DATA 4.1 1.7 DATA 1.9
| . . o
¢ Note that the margins equal or exceed the sum of the adverse toler- I
1 ances, which were the criteria used in the link designs.
j _' 7.6.5.1 Large Probe Hardware, Thor /Delta
T xh .
I

The preferred Thor /Delta large probe communications subsystem
consists of an antenna, receiver, transmitter -driver, 20-watt S-band

- power amplifier, and a diplexer. (Interconnecting RF catling is described
=T in the cabling discussion, Section 7.9). A functional subsystem block
diagram is shown in Figure 7. 6-11. Each of the hardware components is
described in the following sections. The DSN configuration is discussed in '
Section 12.0. Convolutional encodmg of the PCM data stream and PSK
'modulatxon of the 16. 384 kHz subcarrier are accomplished in the data handling

subsystem. Size, weight, and power for the subsystem are contained in

A Table 7. 6-16. 3N e WEGHT  POWEY
- V MODIFIED 26KG 7.9LY 955w
16,304 KHZ .
. PSK MODULATED
. OIPLEXEN 20-W POWER TRANSMITYER  fgae SQUARE WAVE
e ‘ L_ AMPLIFIER ORIVER SUBCARRIER
s WAVECOM S
. COMERENT ORIVE
o \ RECEIVER
[’ MHACO-FORD
quutc? 6-11, Thor/DeRa Two-Way Coherant Communications,

Lerge Prode
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Table 7.6-16, Thor/Delta Probe Communications Weight,
Power, and Volume

LARGE PROBE SMALL PROBE
MASS POWER VOLU‘A! MASS POWER VOW‘J&
RECEIVER 0.9 (3.1) 1.5 703 .. - . o
TRANSMITIER/ORIVER 0.64 (1.4) 4.0 L] 064 (.4)] 40 52
$-0AND POWER AMPLIFIER 0.9 (2.00] %0.0 193 0.8 (.M} 423 1203
ANTEDNA 0.8 0.8 H.5CMOIARY 1 0.23 0.9 11.5 CM DIA BY
3.4 CM HIGH 5.4 CM MIGH

DIPLEXER 0.00 (1.9 1039

TOTAL THOR/DELTA 36 (2.9 | 958 1.7 (3.0)| 46.3

TOTAL ATLAS/CENTAUR 8,12 (1,3) | 1258 2. (3.9 w3

(SEE TABLE 7.6-14)

NOTE: STANLE OSCILLATOR IN THOR/DELTA SMALL PROSE 15 PART OF SCIENCE PAYLOAD AND NOT
SHOWN MERE

Large Probe Antenna

The large probe antenna design is identical to that of the Atlas/
Centaur large probe antenna described in Section 7,6.4.1, and is also
identical :¢ the Thor/Delta small probe antenna.

Larg. Probe Recciver and Transmitter/Driver

The functions of the receiver and transmitter driver are to provide
a two-way coherent Doppler tracking capability and a probe-to-earth
telemetry link directly to the DSN using a %—?— transmit-to-receive fre-
quency ratio. A summary of the characteristics for each of the units except
for cize and weight, which when operated in a two-way mode makes up a

coherent transponder, is given in Table 7.6<9 and 7,6-10,

The receiver is a dual-conversion superheterodyne unit employing
a phase lock carrier-tracking lodp designed to search, acquire, and track
the uplink frequency before and following the high gentry. Ranging and
uplink command channels are eiiminated in this design. In the absence
of coherent drive from the receiver, an auxiliary oscillator in the trans-
mitter driver provides an output at the nominal transmit frequency.
Mechanical design of both units is based on Viking and Skynet II transponder
modular building block construction. Thin and thick film substrates are
used in each module. .Typicai functional block diagré.rhs for the two‘unij;s,
are the same as for the Atlas/Centaur, Figures 7.6-8 and 7.6-9,

Large Probe Diplexer

The large probe diplexer is identical to the umt described previously
for the Atlas/Centaur configuration (see Section 7.6.4.,1 and Table 7.6-11).




. Large Probe Power Amplifier -
The large probe power amplifier is identical to the single 20 -~ watt <
unit described for the Atlas/Centaur small probe which in turn is identical
to the bagic 20- watt unit identified in Table 7.6-12, (Two of these are
paralleled for the Atlas/Centaur largc probe).
7.6,5.2 Small Probe Hardware, Thor/Delta
The Thor/Delta small probe ﬂommumcatlons subsystem ccnsists
of a transmitter -driver, 10-watt S-band power amplifier, antenna, and a
separate external stable oscillator. (Interconnecting RF cabling is de-
scribed in the cabling discussion, Section 7.9). A functional diagram of
the subsystem is shown in Figure 7.6-12. Each of the above RF components
is described below. WEGHT _  POWER Ce R :
ANTENNA 1LA7KG 3L 463V o 3
: VIKING ‘ N —
MODIFIED 16,189 MHZ s o o g o
PSK MODULATED ¥
10-W POWER TANSMITTER o N
AMPLIFIER . : DRIVER STANLE OSCILLATOR }
msC ' PHILCO-FORD
. Figure 7.6-12. Thorloem One-Way Conerent Communications, ”»N
1 Small Probe . e \

The small probe antenna and transmitter drwe r are identical to the
large probe units, - The stable oscillator is-identical to the Atlas/Gentaur.
ﬂ(\ unit dzscribed in Section 7,6.4.2. The only remaining unit, the 10-watt

power amplifier is identical to the large probe power amplifier with the
following exceptions: (1) weight is reduced to 0.5 kg (1.1 1b); (2) output
power is 9.1 watts minimum for a temperature range of -48°C to +38°C

and 8.3 watts minimum for the temperature range of +38°C to +66°C.

7.6.6 Supporting Analyses and Tests

Antenna Performance Test - A test program was conducted to

) mveshgate the perturbations on the radiated antenna pattern resulting from
the mounting arrangement on the aft body (basecover) of the Thor/Delta
large probe. A full-scale mockup of the aft body of the Thoz /Delta large
< probe was built and the proposed Pioneer Venus antenna (turnstile/cone) _’ B

was mounted and tested. A summary of the test configurations and antenna

_ patterns is shown in Appendix 7.6J,
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As a result of the testing, it was determined that the antenna pattern
was critically degraded by the presence of a large open cavity directly
under the antenna. The antenna's half power beam width (HPBW) was
reduced from approximately 100 degrees (free space) to approximately
60 degrees and the ripple increased 6.8 dB, The solution to the problem
was a metal screen or plate placed over the cavity and around the parachute
canietér. The reéulting antenna patterns meet the gain and ripple require-
ments shown in Figure 7.2-13.
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MINIMUM GAIN REQUIREMENT (D3I}
)
T
MAXIMUM BACK LOBE GAIN SEQUIREMENT (D81)
.
©.

&

3
o 10° x° W & 0° & n° nee 120° 10° W 1% 1&0° 172°
ASPECT ANGLE, 0 (DEGREES FROM SUBEARTH POINT)

THE PROBES WALL BE SPINNING, THEREFOLE THE COMMUNICATION COVERAGE WAL O SYMMETRIZAL
ABOUT THE PROBE SPIN AXIS 0 OEGREE). GAIN VARIATION PATTERN RIPALE) OVER THE s 70 OEGHEE
VIEWING ANGLE SHALL NOT EXCEEZ 4 D, THE MINIMUM GAIN REQUIREMENT AND IMUM BACK
LOBE REGUIREMENT ARE AS SHOWN ASOVL.

Figure 7.6<1%, 'Antenna Gain Requirements - -

The information obtained during Thor /Delta configuration testing is

currently being incorporated in the Atlas /Centaur large and ‘small prolie

. configurations . An Atlas/Centaur antenna test program, for both large

i,

and small probes, is currently under way and will be completed before the

next Pp'rogram'phase. Preliminary results show that the small probe antenna
and afterbody configuration is compatible, whereas mounting a parachute
container above the large probe antenna creates problems. This latter
problem can be corrected by raising the antenna on a pedestal and mounting

the parachute in a pack partially surrounding the antenna pedestal.
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7.7.1 Introduction and Summary

PERFORMANCE CHARACTERISTICS

o WEIGHT - 3.5KG

« POWER - 3,3 W

o BITRATES - 8 - 1024

o VOLUME - 5280 Cm3
o 500 G ACCELERATION
o 5120 BITS STORAGE

KEY FEATURES
o FORMATS EASILY CHANGED
MULTIPLE BIT RATES

.
o 10 BIT ADC POWER
L ]

7.7 DATA HANDLING AND COMMAND

The data handling and command subsystem supplies timing and com-
mands to the scientific instruments and the other subsystems, acquires
data from these instruments and subsystems, quantizes and arranges these
d:uta into the desired format, and codes and processcs the data into a form
suitable for modulating the RF downlink. In addition, memory is provided
to store information during periods of RF blackout and to buffer high speed
dita bursts from the scientific instruments. The data handling subsystem

and its functional interfaces are depicted in Figure 7.7-1.

SCIENCE

ENGINEERING
INSTRUMENTS

TRANSDUCERS

TELEMETRY

G
SWITCHES

COMMAND

DAT.

01U COMMON 10 PROBES/
BLS/ORBITER

OTU IDENTICAL

LARGE AND SMALL

PROBES

MAXIMUM USE

OF PIONEER 19/1}

DESIGN

CONVOLUTIONAL ENCODER

FOR ENHANCED DATA
LINK PERFORMANCE

' DHC
FUNCTION

TELEMETRY
AND COMMANDS @

TELEMETRY AND COMMANDS

COMMANDS

PYROS

Figure 7,7-1, Data Handling and Command {DHC) Subsystem Boundaries

Puring the Phase B study, preferred subsystem approaches were
s,nthesized for the Thor/Delta and the Atlas/Centaur launch vehicles.
In general the requirements and interfaces were identical for both launch
vehicle designs, However, the weight limitations of the Thor /Delta coun-

figuration scvereiy constrainerd design and packaging while the Atlas/

Centaur design realized additional cost savings at the expense of increased
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A survey of candidate data handling equipment, including new light-
weight designs as well as existing flight- qualified units, was conducted.
A summary of the trade parameters for the off-the-shelf equxpmeut is
given in Table 7.7-1, None of the existing units contained the flexibility
to fulfill the Pioneer Venas mission requirements without modifications.
In addition, all units were too large and required too much power for use

on the Thor /Delta configuration,

Table 7. 7-1. Potential DHC Subsysiem Survey Results

SYSTEM VOLUME MASS | POWER HANNELS|  GENERAL
(dls) KG) | W) SIAAPLED
423 THOR/DELTA 2 %0 6.1 3 256 NEW DESIGN
(PIONEER VENUS) 10-81T ADC
MVM 73 20 500 2 ?
PIONEER10& 11 | 7300 150 | 3.8 290 6-81T ADC
NEW PROGRAMMER
NEW MEMORY
VIKING DAPU 9100 10.5 6 244 8-BIT ADC
NEW PROGRAMMER
NEW MEMORY
050 5 700 16.5 9 132 8-8IT ADC
NEW PROGRAMMER
NEW MEMORY |

The preferred Atlas/Centaur DHC subsystem design for the probes
uses a modified Pioneer 10/11 Digital Telemetry Unit (DTU) to perform
the data handling functions. The circuit design modifications to the existing
printed wiring boards are identical to those required by the probe bus and
orbiter. Significant cost savings accrue from the common usage of this
design for all missicn applications. Circuit boards wiich are devoted
exclusively to probe and orbiter functions will be removed and the probe
package size reduced accordingly. Both large and small probes use the

identical DTU configuraticn which simplifies spares provisioning.

The command functions are performed by the command unit which is
packaged in a compartment of the power control unit (PCU). Included in
this unit are the coast timer, descent timer, discrete events format gen-
erator and memory unit. The command unit provides all power transfer,
pyro firing, bit rate, format change, and memory mode select commands.
Information defining the sequence and time at which each ~ommand siznal
is initiated is stored in read.only -memories (ROM) and is readily change-
ahle by replacvirent of a few parts, The command requirenients are att

deri: o roquiTements needed to implement the science and engineering

-.,,...--,H
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The large probc derived command requirements

- mission requirements.
The small probe requirements are similar,

L,

are given in Figure 7.7-13.

but moue limited in number.

S

1 block diagram is given in Figure 7.7-1. A

Thé system functiona
detailed discussion of the preferred Atlas/Centaur configuration is given

in paragraph 7.7. 4,

Subsequent paragraphs of this section describe the requirements,

the trades and analyses, and define the preferred configurations. Unless

otherwise specified, the Atlas/Centaur launch vehicle configuration and

Version IV (April 1973) science payload definition is described.

7.7.2 Requirements

Several categories of requirements were imposed on the data handling

and command subsystem.
determination are derived from error budget allocati

systems. The number and type of engineering measurements and data inputs
W .3 are taken from the compiled telemetry lists. Downlink coding requirements
’ £ o are set in inter -subsystem tradeoffs and format and coding constraints are

imposed by the deep space network (DSN) capability. Since science and

engineering telemetry requirements are not firm, we allocated a reasonable

of growth commensurate with the program cost constraints. The
however, to permit subsystem

Those requirements associated with timing
ons with the other sub-

B R

amount
resultant conceptual designs are adequate,

tradeoffs and sizing. The principal functional requirements are examined
below.

- 7.7.2.1 Large Probe Requirements Analysis

ires engineering data for subsequent

The data handling subsystem acqu

telemetry. The engineering analog measurements will be quantized to at

least 64 levels (6 bits). Science analog housekeeping will be quantized to
7, 8, or 10 bits as required. A telemetry list summary gives the measure-

= ment requirernents shown in Table 7.7-2.

The scientific data acquisition requirernents for terminal descent are

The quantization levels are defined in the rcience
" The 7-, 8-, and 10-bit words require

1724 level, respectively.

given in Table 7. 7-3.
. ‘ requirements document as ''bit size.
;‘;' the words to be quantized to 128, 256, and




Table 7.7-2. Large Probe Engineering Measurements Summary

™
Measurement ; Analog | Bilevel Digital d
Electrical Power & Pyrotechnics 6 0 :
Data Handling 3 15 11 t
i Communications 19 0 3
Thermal 11 0 0 P
Science 6 1 0 .
Total Required 45 24 1 H “’

Table 7.7-3. Large Probe Terminal Descent (Nominal) Experiment

- Data Sampling Requirement ? ’
i
MEASUREMENT MINIMUM SAMPLING INTERVAL {
ANALOG, '
- , , o SILEVEL,
. INSTRUMENT DESCKIPTION | OIGHAL [ StZe®i15) | ALTTUDE (M) | .TIME(S)
TEMPERATURE ATM, TEMP A 10 700 NA
THERMISTOR A 7 NA 140 ;
PRESSURE ATM PRESSURE A 10 200 NA ,
- THERMISTOR A 7 NA 140 )
ACCELERATION TURBLLENCE A 7 100 NA o
{SEE NOTE o} AXIAL A 10 NA 2
: ] anai e, A 10 NA 2
‘ LATERAL A 10 NA 0
LATERAL A 10 NA ©
L THERMISTOR A NA 140 —
LB HYGROMETER | HUMIDITY A 10 300 (b) NA Ty
s - RANGE » 1 400 (b) NA : A I
HOUSEKEEPING A 10 1 PER EVERY NA o
10 HUMIDITY :
MEASUREMENTS roo
PARTICLE SIZE SCIENCE AND Y 240 200 NA !
SPECTROMETER HOUSEKEEPING !
SOUAR RADIOMETER SCIENCE AND D 240 (¢) 7% NA ¢
HOUSEKEEMNG 72 (d) !
1R FLUX SCIENCL AND ) 100 7% NA 3 :
: HOUSEKEEPING :
o WAND-ALTITUDE SCIENCE [} 37 NA 20 d
RADAR VOLTAGE A 7 NA [ |
_TEMPERATURE A 7 NA | & !
WASS SPECTROMETER SEE "SPECIAL SAMPLING REQUIREMEF: (S" g
GAS CHROMATOGRAPH | SEE "SPECIAL SAMPLING REQUIREMENTS" :

(a) A TOTAL OF 1000 B1TS CF DATA RECORDED DURING ENTRY ARE TO BE EAD OUT OURING
THE PROSE DESCENT

(b) NO MEASUREMENTS REGUIRED BELOW 44 KM
O (c) 66 KM TO 44 KM ~
- (d) 44 KM TO THE SURFACE

SPECIAL SAMPLING: REQUIREMENTS B
MASS SPECTROMETER - A MINIMUM OF 80 000 8115 OF DATA WILL BE GENERATED SETWEEN 68 KM ) !
AND 44 KM, THESE DATA ARE TO BE SAMPLED AT ONE CONSTANT RATE, OATA READOUT ASOVE N

64 KM SHALL BE SAMPLED AT THIS SAME RATE, Tt NUMBER OF 81TS PER COMPLETE MEASUREMENT i
WILL VARY, HOWEVER, ALL FORMATTING IS DONE WITHIN THE INSTRUMENT

FROM &4 KM TO THE SURFACE A MINIMUM OF 88 000 8175 ARE GENERATED, THESE DATA ARE TO € - !
SAMPLED AT A CONSTANT RATE, =

S GAS CHROMATOGRAPH - THIS INSTRUMENT WILL MAKE ONE MEASUREMENT EVEKY 20 MINUTES
' *A‘ REGARDLESS OF ALTITUDE INTERVAL. DURING THE FIRST 10 MINUTES, THE INSTRUMENT Witt *
- GENERATE AND STORE 13 200 911S IN A SUFFER MEMORY, NO DATA ARE TO BE READ OUT BY THE .
PROBE DURING TS PERIOD. DURING THE LAST 10 MINUTES THE INSTRUMENT 1S NOT IN A MEAS-
UREMENT TAKING MODE, 1113 PEQUIRED THAT THE 13 200 BITS BE READ OUT 8Y THE SPACECRAFT

_ DURING THIS TWAL.
: Except for the accelerometer, all data will be acquired after the probe
: enters the atmosphere. Only the accelerometers are on during blackout O

(high g entry); all others are turned on during terminal descent,
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Other candidate instruments are given in Table 7. 7-4, The memory
size and the number of data channels could be gignificantly impacted if these

instruments are included.

Table 7.7-4, Large Probe Terminal Descent {Other Candidate)
Experiment Data Sampling Requirements

MEASUREMENT MINIMUM SAMPLING INTERVAL T 4
INSTRUMENT DESCMPTION "1 otitaL  Brze 8i1s) | ALTITUDE (M) TIME (5)
Cl SCIENCE 3] 2560 NA 00 ,
e | e | 4 | | M =
HOUSEKEEING A s NA 100 v
ATR SPECTROMETER SCIENCE AND [ 3600 NA 100
HOUSEKEEMNG
AUREOLE DETECTOR SCIENCE AND 4] 400 500 NA .
: HOUSEKEEMNG a4,
-
SHOCK LAYER SCIENCE AND 17 ANALOG] 84 TOTAL NA (o) NA I B
RADIOMETER HOUSEKEEMNG BITS PER i
SCAN L
(@) A TOTAL OF 3380 }TS OF DATA RECORDED DURING ENTRY ARE TO 8E READ OUT PURING 1
THE PROBE DESCENT ¢
{
e " . . The data handling subsystem provides the probe timing source. The . . e -

- timing requirement is paced by the subcarrier frequency and stability

‘ necessary for the telemetry downlink. The freque’iﬁ:& should by synchronized

" and in phase with the telemef.ry data at all bit rates, and must be compatible
with the ground stations (DSN). The resultant characteristics, which are
compatible with Pioneer 10 and 11, design are:

s e e Tt $U0
L. i

Frequency 32.768 kHz + 0.02%
Jitter 0. 5% between any two cycles
Stability 200 ppm long term

This source provides a number of timing signals to the instruments and

other subsysterms; however, very few have been specifically defined by the

t

~ users. : .

To improve the RF downlink communication efficiency, we recom-
mend data coding. The selected coding, together with format design must
& be compatible with the DSN.

i o ' " The data handling subsystem should be capable of relaying probe data
to the probe bus during preseparation checkout for transmissicn to ground
via the probe bus telemetry link.

7.7-5
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7.7.2.2 Small Probe Requirements Analysis

The engineering dJata acquisition requirements are summarized in 2
Table 7.7-5

Table 7.7-5. Small Probe Engineering Measurements Summary

" . — N -
T e R AR 1% BT
v

Measuremernt Analog Bilevel Digital
Electrical Power 3 5 0
Data Handling 3 15 11 i
Communication 6 0 1 ‘ o
Thermal 10 0 0
Science __3_ 0 __3_
— Total 25 20 15

The scientific data acquisition requirements for terminal descent are
given in Table 7. 7-6. Only the accelerometer is required to be on prior to
and during entry. The data are to be quantized to 64, 128, and 1024 levels
respectively for the 6, 7, and 10 bit words lengths. Additional housekeeping
data are anticipated, but not yet defined. . .

- .7 Table 7.7-6. Small Probe Terminal Descent (Nominal) Experiment
o ’ Data Sampling Requirement

MEASUREMENT MINIMUM SAMPLING INTERVAL
ANSl.nOG

- INSTRUMENT DESCRIPTION DIGITAL | S1Z€ @118} | ALHTUDE (M) TIME (S)
TEMPERATURE ATM TEMP A 10 200 NA
THERMISTOR A 7 NA 140
PRESSURE ATM PRESS A 19 200 NA
- THERMISTOR A 7 NA 140
ACCELEROMEVER TURBULENCE A 7 100 NA
(S£E NOTE o) AXIAL A 10 NA 20
THERMISTOR A 7 NA 140
- NEPHELOMETER SCHENCE ] 4 200 NA
; CALIBRATION 1] 10 NA 900
’ FLUX RADIOMETER NET FLUX D L} NA 30
DETECTOR TEwP 0 3 NA 0
WINDOW TEmMP D ] NA 0

ta) A TOTAL OF 250 0115 OF DATA RECORDED DURING ENTRY ARE TO 8¢ READ QUT DURING THE
RO DESCENT

i " Other candidate instruments are shown in Table 7.7-7. No significant

impact on data channels, bit rate, or memory size would result from their
inclusion.

{
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Table 7.7-7. Small Probe Terminal Descent (Other Candidate) 5
! Experiment Data Sampling Requirements
MEASUREMENT MINIMUM SAMPLING INTERVAL ",
ANALOG %
INSTRUMENT DESCRIPIION MGHIAL | SIZE (175) | ALTIEUDE (™) TIME (8) o
RF AVTIMETER SCIENCE AND [ ] 10 NA 10 ‘ -
(SEE NOTE o) HOUSEKEENING :
MAGNETOMETER SCIENCE AND [ 40 NA u :
(SEE NOTE b) HOUSEKEEMNG : 5 -
{a) INSTRUMENT TO OPERATE FROM~50 KM TO THE SURFACE ..
(&) A TOTAL OF 1200 8115 OF OATA RECORDED DURING ENTRY ARE TO BE READ QUT L:JRING THE
PROBE DESCENT B
;
#
7.7.2.3 Probe/Bus Interface Requirements Analysis ,
P
The probe /bus interface requirements are derived from the prelaunch
and preseparation test requirements. To minimize hardware change in
the bus the same interface identified for the Pioneer 10/11 command inter-
face configuration has been used, i.e., the three input lines are (1) com- o j o
mand data; (2) command clock; and (3) execute. The output lines are T &
‘ (1) data; (2) clock; and (3) enable. '
Kf . The circuits used are standard 5400 series logic buffers and Schmitt !
)
triggers for transmitters and receivers respectively. ;

The command word is composed of two 8 -bit words received from

the EGSE or bus., The first eight bits are used to set the '"events counter'
(see Figure 7.7-15) to a state that will decode to provide the command or

sequence of events that is desired. The first bit of the second word is

used to inhibit the counter .o prevent any other events in the sequerce.
: The last seven bits are spares.
o The hardware required for the interface circuitry is minimized by
t=y to do all the decoding necessary for the o

K - using the descent timer circui
rform a command function. Any command not desired

command word to pe
g presently identified

for the normal descent function can be driven by the bit

as spares.

K

«
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7.7.3 Trades

We conducted several trade studies during the study period. They
were:

1) Probe data storage requirernents;

2) Probe multiplexer and A/D converter requirements;

3) Probe digital interface;

4) Small probe 'blackout’ memory feasibility;

5) Probe multiple and norbinary bit rate;

6) Synchronization and time reference word minimization;

7) Probe/processor/programmer analysis;

8) Large probe data/descent rate;

9) Probe data system preliminary design.

Some of the studies are discussed together because of the overlapping

content. The preferred design reflects the results of the studies as applied -

to fulfilling the Version IV science requirements.

Since the power and weight constraint differences were sxgmﬁcant
between the Thor/Delta and Atlas/Centaur systenis, different traﬁe utudy

results were reached in some cases.

7.7.3.1 Probe Data Storage Requirements (for Blackout)

This task is concerned with storing sufficient data to fill the scientific
information zaps caused by the periods of RF blackout when no data can be
successfully transmitted. In addition to the blackout periods, we consgidered

 these periods of time before and after blackout when high Dopple  rates

exist or DSN lock up is questionable.

For the Thor/Delta system, probe angle of entry, Doppler rates,
descent velocity, and spare transmission capability for later transmission
of stored data were considered. Only the November and December 1972
science definitions were studied, since the Atlas/Centaur decision preceded

the April 1973 requirements issuances

7. 1"3
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For the Atlas/Centaur system, and the Version IV science definition,
a specific storage requiremen is defined, since the ballistic coefficient

and entry angles were assumed. The best method of using the atored bits

was studied.

Probe Data Storage Requirements (Atlas /Centaur)

Presently identified blackout science requirements for the large probe
are 1000 bits for the accelerometer data. The small probe requires 250 bits
for accelerometer cata storage during blackout. At least twice the specified
amount is provided for each probe since no data rate is specified and the
DTU is limited to binary data rate steps. Both large and small probes
could use data storage at times other than during blackout, because of poor
probe -to-Earth communication link periods or for short collection bursts
when it is not feasible to turn on the transmitter. The memory is the

2560 bit hybrid used in the orbiter data storage unit (DSU).

The Version IV science definition requires a maximum bit rate of
101 and 50 bps of science data for the large and small probe, respectively.
The communication link can support 128 bps for the large probe and 64 bps
for the small probe. Therefore, both large and small probes can transmit
all data, after blackout, in a real-time mode.: Surplus transmission rate
capability at low altitudes could be utilized to empty several kilobits of
stored data if it were determined that data should be stored for a period of
time below 70 km to ensure ground station acquisition, However, the pre-

ferred approach does not incorporate this feature because of the additional

cost impact.

Thor /Delta Configuration

The maximum transmission bit rate is limited to 105 and 10 bps for
large and small probes respectively, because of transmitter limitations.
Consequently, multiple collection and transmission bit rates were required;

the added storage capability was a negligible cost consideration, The fol-

lowing s@udy results evolved from an analysis of the Thor/Delta requirements.

- The upper profile in Figure 7.7-2 depicts the specified Vernion III
large probe scienicé data colléction rates for the various mission prases.
The data collection rates obtained with the baseline design are shown in

Figure 7.7-3. These include engineering and housekeeping data. The
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figurs 7.7-3, Large Probe Data Transmission Rates

‘64 bps specified for the cloud particle size analyzer (CPSA) has been re-
duced to 24 bps to be consistent with the candidate principal investigator's
(PI) proposed instrument. All other instrument data rate requirements are
met. The baseline design data rate can be increased to accommodate the
additional 40 bps specified for the CPSA by minor trades on the descent

profile as discussed later.

An entry data storage capability of at least 3100 bits is specified for
the shock layer radiometer (SLR) and accelerometers. However, the bigh
Doppler rates during the preentry through post blackout phases necessitate
storing all data during those periods as shown in the lower figure (Fig-
ure 7.7-2). At E-5 minutes, SLR calibration data (84 bits) are stored and
sampting of the primary a> ‘1 accelerometer at 80 bps is begun, The
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850 bits of accelerometer and engineering data are stored and updated at
85 1/3 bps until 0.5 g increasing (T = 0) is sensed. The last B50 bits of
data are then held in storage and four -axis accelerometer and engineering
data are stored at 128 bps, Within 2 to 4 seconds after 0. 5 g, 2100 bits of
SLR data are stored upon sensing peak radiance. Storage of accelerometer
and engineering data at 128 bps is continued through blackout to T + 10 sec-
onds. Accelerometer data are then stored at 102, 4 bps, giving a total of
6362 bits in storage by T + 30 seconds. Data from all descent instruments
are then transmitted at 102.4 bps. A total of 10 240 bits (4 x 2560) of stored
data can be transrnitied between 42.5 km and 5 km. This permits storage
of eight frames of data (3872 bits) during the high altitude, pre-DSN lockup

phase. The first eight frames of data cover 2.5 km and contain four meas-

urements from the pressure, temperature, aureole, hygrometer, CPSsA,

and turbulence instruments; two measurements from the solar and IR flux,
nephelometer, and accelerometer instruments; and 3200 bits of mass

spectrometer data,

Readout of the stored data at 10,97 bps begins at ~42.5 km (T + 1020
seconds) when the hygrometer and aureole detector are turned off. The
transmission rate is reduced to 85 1/3 bps at 30 km due to atmospheric
losses and continues at this rate through impact. The memory is read

out once by T + 2563 seconds or 5.5 km.

The small probe Version III science data rate requirements are sur -
marized in the upper figure of Figure 7.7-4. The accelerometers require
10 bps through the blackout phase and 1,55 bps thereafter. The total data
rate requirement during terminal descent is 4,82 bps until impact. The
postimpact seismic mode requires 10,05 bps. The baseline design data
rate capabilities are illustrate¢ in the Figure 7.7-5. All instrument data

rate requirements are met or exceeded.

For the large probe, the high Doppler rates necessitate storage of
all data during the preentry through postblackout phases rather than just
during blackout, The baseline design storage profile is shown in the lower
half of Figure 7.7-4,
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Magnetometer calibration data (768 bits) are stored within 3 minutes
after probe separation and is read out (nondestructively) during the 10-min-
ute transmission period at E - 1 hour. Accelerometer data (100 bits) are
placed in storage at E - 5 minutes and updated at 10 bps until 0.5 g increas-
ing is sensed. The latest 100 bits are then locked in storage and sub-
sequent accelerometer measurements are stored at 10 bps until T + 20 sec-

onds when the other instruments are deployed and the transmitter is turned
on. At this point, there are 1068 bits of data in storage. Ali data are then

both stored and transmitted at 10 bps until T + 680 seconds (~38 km)
resulting in a total of 1068 + 6600 = 7668 bits of data in the 7680 bit storage.
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The stored data are then interleaved at 3.88 bps with th: real-time data at
6.12 bps., The firat readout of memory occurs at ~ 9. 6 km (T + 2668 sec -
onds); 58 percent of the data are read out a sacond time by impact,

The main memory is composed of static random access memory
circuits of 256 bits per chip. They are packaged in groups of ten chips and
are accessed as a 256 by 10 by N matrix, where N is determined by the

_ total storage size. Tke chips are CMOS for low quiescent power (nominally

0.2uW per bit) and high noise threshold.

7.7.3.2 Probe Multiplexer and A/D Converter Requirements

We analyzed the requirements for probe multiplexers and Al/D
converters considering the number of data sources, how they are grouped,
and what timing problems may exist between them. If two data sources
require analog-to-digiial conversion simultaneously, or if one source is
asynchronous to the main system, two or more ADCs are required. Probe
multipiexer requirements were based on the assumption that the largest
impact on the probe system is the number of wires required to interconnect
bexes. (Tradeoffs indicate that the data bus method of interface is not
optimum for the probe mission.) The interface list is given in Table 7. 7-8.
Column 2 lists the number of interface wires assuming all multiplexing
is done in the DTU, and column 3 assumes that all multiplexing is done in
the instruments liated in coiumn 1, The recommended location for the
mﬁltiplexer for each instrument is given in column 4. A similar chart for
the December science list is given in Table 7.7-9.

Table 7.7-8. Central Versus Remote Signal Conditioning, Large
Probe, Version IV Science Definition

NUN® R OF WARES (o) RECOMMENDED LOCATION _ |

INSTRUMENT M}P}'g{l‘“ m‘:‘&a’&? MULTIRLEXER | A/D CONVERTER
TEMPERATURE L] ] o ot
PRESSURE ] H o o
ACCELEROMETER 3 ] on oV
HYGROMETER 4 ¢ o o
PARTICLE SIZE SPECTROMETER t | (1Y) o
SOLAR RADIOMETER | \ 2 1) o
IR ) ] o Dy

W/A RADAR 4 3 o on

MASS PIC ' ' on ow

GAS CHROM ' L ow o

o) DO NOT INCLUDE ANY CLOCK LINES COMMON 1O AL CONFIGAUSATIONS
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Table 7. 7-9. Central Versus Remote Signal Conditioning, Large
Probhe, Vormon 111, Deccmber 1972 Scicnee Definition

NUMBER OF WIRES RECOMMEPIDED LOCATION
MLLTIPLEXER | MULTIPLEXER

: i "= | MULTIPLEXER | A/D CONVERTER
INYTRUMENT DHC SCIENCE
ACCELEROMETER 3 s oMC one
WMMRANAE s H DHG OHC
PRESAG 5 3 oHC OHC
CLOUD PARTICLE » 3 SCIENCE (o) N/A
SOLAR FLUK 1 . SCIENCE ome
AN FLUK " . SCIENCE DHC
HYGROMETER ? ome OHE
SHOCK LAYER RAD ) n SCHINCE OHE
MASS SPEC ] DHC N/A
AUREQLE 6 SCIENCE | SCIENCE ()
NEPHELOMETER 9 16 © oHe N/A
() MAY € PARALLEL TO SERIAL REGISTER OR MULTIPLEXER
&) A/D CONVERSION ASYNCHRONOUS 1O #ASIC CLOCK

Probe ADC requirements were determined by the ability of the instru-
ment to be controlled in sampling time by the central data system clock.
Our primary assumption was that it was less expensive in hardware to have
all ccnversion in a single converter than to have multiple units throughout
the system, The penalty of a single ADC is the decreased accuracy of
transferring low-level analog signals over longer lines prior to the con-
vorsion. This is léss serious when the settling times are long, allowing
system capacitance to charge to steady-state values. This will be the case

at the slow data rates at which the probe system operates.

Five instruments (cloud particle size and mass spectrometers,
nephelometer, solar radiometer and IR flux) have no analog outputs now
identified. We recommend that the analog conversion for all instruments

be performed in the central data system (Column 5, Table 7.7-8).

For the December science definition (Table 7. 7-9) all but three in-
struments have some analog outputs. Of those with analog outputs only
the aureole/extinction detector (AED) must be operated asynchronously to
the main clock. For that mission, we recommend that an A/D converter be
in the AED and all other conversion be done in the DHC.

7.7.3.3 Probe D_igita.l Interface

We analyzed various interfaces between the data handlin-g éystem and
the science instruments while considering experiment and other subsystem

characteristics, as well as data subsystem operation. We coordinated the
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design between the bus and orbiter to achieve any possible standardization,

A joint study was conducted to consider a data bus approach, but this proved
to he more complex than a unique design.

Two basic configurations were considered with several iterations of

cach. The first assumes the use of a standard "interface module'' and its

various possible locations. The second considers various locations for
the multiplexers, A/D converters, and address logic as they relate to the

DTU configuration.

Interface Module

The mtertace module contains all the circuitry necessary to monitor
the instrument science and housekeeping signals, both analog and digital,

and convert them to a digital bit stream for use by the DTU. The block

diagram is given in Figure 7.7-6.

CLOCK AND
SYNC BUFFERS
SIGNALS
! Al
NALOG 10 12 ANALOG
DIGITAL CHANNELS
CONVERTER MODEM .
MUX AND
DIGITAL + DEMUX 4 DIGITAL
outRuT ANALOG AND CHANNELS
DIGITAL
SIGNALS —_—
DIGITAL 4 DIGITAL
415 Y e COMPARATOR [ DEMUX
JT RV — CHANNELS
4 5V e ‘
ADDRESS
oNTIOL ADDRESS DECODE
10 1CS, 12 RESISTOAS, 3 CAPACITORS
EXPERIMENT

ot
INTERFACE INTERFACE
Flgure 7,76, Experiment Interface Circult

All parts necessary for this interface will fit cn two 2 x 3-inch boards.
The ADC has 10-bit resolution and is used for all analog-to-digital conver-
sion even when less resolutionis required. An input buffer is included to
provide multimegohm input impedance. The multiplexer is partitioned in
groups of four channels and anv combination of groups can be connected as

analog or digital channels. Tour channels are used as demultiplex
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channcls to provide enable signals for the digital chann.ls, Buifers are

provided to isolate all clocl: and sync signals and fix interface impedances,

Each cxperimenter would be provided an interface module to use as

a breadboard tool and a flight unit to install in the flight hardware.

Location configuration trades are shown in Figure 7, 7.7 with con-

figuration description and remarks given in Table 7.7-10.

Digital Telemetry Unit (DTU) Configuration

We considered several configurations of the DTU with respect to the
total system impact. The basic DTU was assumed to be the Pioneer 10/11

unit with and without modifications to the existing boards.

The trades considered and remarks about each are given in Table
7.7-11. Configuration 7 is the recommended approach because it allows
common systems, except for format programmable read-only memories

(PROMs), to be used for probes, orbiter, and bus.

7.7.3.4 Probe Multiple and Nonbinary Bit Rate Study

In terms of scientific value, desired bit rate profiles have been
‘established for the probes. We also evaluated the hardware impact of pro-
viding multiple bit rates for data acquisition in the probes (not constrained

to binary steps) to more closely match the desired science profiles.

A capability to provide data proﬁle matching is required in a system
when the communication link is limited both in time and power and if the
data acquisition requirement exceeds the transmission capability for signi-
ficant time periods. Binary step changes are acceptable if no limitation is
required on memory size and sufficient time is available to transmit the

excess data.

For the Atlas/Centaur configuration with the Version IV science
definition the data acquisition rates are continuously variable, but in no
case are in excess of the transmission rate capability; therefore a non-

binary data system is not required.

For the Version 11l science definition, or Thor/Delta booster, the
~data rates are greater than the transmission rate for a portion of the mis-

gion and less for the remainder of the mission; thus a nonbinary system is
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Table 7.7-10. Interface Module Configuration Impact

PR
CONFIGURATION [aovantaces DISADVANTAGES MASS POWER
T ALL MULTIPLEXING N |ELIMINATE NEED FOR INTERFACE | LONGEST RUN FOR ANALOG SIGNALS WITH
CENTRAL UNIT, (DTU)  [UNIT, INCREASED INACCURACY .
MULTIPLEXERS AND ADC MUST 8€ ADDED | BASELINE BASELINE
10 O1U.
MAXIMUM NO. WIRES BETWEEN EXPERIMENT | (% 40 ) (™3 W)
AND DTV,
2. SOME MULTIPLEXING IN [REDUCES NO, OF WIRES AOD3 COUNTER FOR EACH REMOTE MUX. | DICREASED  TSAmE
T IXPERIMENTS. - [BETWEEN EXPERIMENTS AND ) By
EXPERIMENTER MUST ADD COMPONENTS
or. 1O HiS EQUIPMENT, s o BASELINE
SOME MULTIPLEXING AND ADC MUST
BE ADDED 10 DTU.
LONG RUNS FOR ANALOG SIGNALS.
3. ALL MULTIPLEXING IN__|NO CHANGE TO OTUMULTI- | ADC MUST 8¢ ADDED TO OTU, SLIGHTLY SLIGHTLY
EXPERIMENTS. PLEXING . INEFFICIENT USE OF MULTIPLEXERS. OVik ovie
MINIMIZES NO. OF ‘WIRES BASELINE BASELINE
e Nt anD  |LONG RUNS FOR ANALOG SIGNALS.
I,
"+, MULTIPLEXING AND ADC|GOOD CONFIGURATION FOR | INEFFICIENT USE OF MULTIPLEXERS, T110 G/EXP | 2.2W/EXP
IN LARGER EXPERIMENTS [MEASUREMENT ACCURACY. |accoumes £XTRA ADC'S. (6 LARGE)
AND IN SEPARATE OUT~ |eoprn e ree s S ae Y0 G/EXP | s 22W
SIDE 8OX FOR SMALLER INCREASE WEIGHT AND POWER DIS- (4 SMALL)
EXPERIMENTS INTERFACE DURING DESIGN {40
. AND TEST AS HE WILL HAVE . +BATTERY WT
INTERFACE MODULE PRO-FOX MISSION., SOME EXPERIMENTS MUST ADD #370G)
VIDED TG EACH EXPERI- |, oy pupACT ON EXPERIMENT EXTRA COMPONENTS. TOTAL =
. ENVELOPE. 2.4K0
3. MULTIPLEXING AND ADC|GOOD CONFIGURATION FOR | INEFFICIENT USE OF MULTIPLEXERS. I0G/EXP | 2,2 W/EXP
WITH ALL EXPERIMENTS. |MEASUREMENT AC:URACY. AEOUMIES EXTRA ADE'S, RO
INTERFACE MODULE PRO-JEXPERIMENTER HAS SAME N~
VIDED 1O EACH EXPERI- |TERFACE DURING DESIGN AND :,’l‘s?l::ﬁé":'“""' AND POWER “370 G}
MENTER, TEST AS HE WILL HAVE FOR : T0TAL =
MISSION. PROVIDES SIGNIFICANT INCREASE 10 1.5KG
DON'T NAED DESIGN FOR S1ZE OF SMALLER EXPERIMENTS.
SEPARATE 8OX. ALL EXPERIMENTS MUST ADD COM-
y PONENTS.
5. SLOARATE MULTIFLEXER |GOOD CONFIGURATION FOR | INEFFICIENT USE OF MULTIPLEXERS . +M0 G/EKP | 2.2 W/EXP
AN ADC FOR EACH | MEASUREMENT ACCURACY . . .
X REQUIRES EXTRA ADC'S.
EXPEVIMENT BUT PACK« | pen e\ en Lias SAME IN- BATIERYWT  |= 22w
AGED) IN SEPARATE £X- INCREASE WEIGHT AND POWER @7 G)
TERNA. BOXES TERFACE DURING DESIGN AND g ccipation
o : TEST AS HE WILL HAVE FOR : : TOTAL =
INTERFACE MODULE PRO-|[MISSION . LARGEST WEIGHT AND SIZE PENALTY. 2.76 kG
MIDLO 10 EACH EXPERI- | xptRIMENTER DOES NOT NEED
. 10 PACKAGE DHC COMPO-
NENTS.
7. SEPARATE MULTIPLEXER |GOOD CONFIGURATION FOR  |INEFFICIENT USE OF MULTIPLEXERS. TOTAL = 2.2 W/EXP
AND ADC FOR EACH  [MEASUREMENT ACCURACY . . 2.27KG “aw
REQUIRES EXRA ADC'S.
EXPERIMENT ALL PACK- ey peaimENTER HAS SAME IN-
AGED IN ONE BOX.  l1gasace DURING DESIGN AND  [INCREATES WEIGHT ANC POWER
INTERFACE MODULE PRO-TEST AS HE WILL HAVE FOR :
VIDED 10 €ACH EXPENI- M ISSION. SEPARATE UNIT WILL NEED TO €
MENTER. SUPPLIED TO EXPERIMENTER DURING
EXPERIMENTER DOESN'T NEED
1O PACKAGE INTERFACE DESIGN AND CHECKUUT.
CIRCUITS .
INTERFACE PACKAGING IS
ISONE IN ONE 10X FOR
FFICIENCY .
NOTE: ASSUMES LARGE PROBE WITH SIX LARGE EXPERIENTS AND FOUR SMALL EXPERIMENTS,
SMALL PROBE FOLLOWS SAME PHILOSOPHY V/ITH FOUR SMALL EXPERIMENTS ASSUMED.

required.

designed for minimum memory and for hardware simplicity.

A method for implementing the nonbinary data acquisition was

The concept for providing multiple bit rates uses a stepwise variable
frame rate and constant bif. rate within the frames to achieve the effect of a
variable bit rate, Each frame is started by the time counter at predeter-
mined intervals that have been stored in a field programmable read-only

memory (PROM).
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‘Table 7.7-11.

DTU Configuration Studies

-]

DESCENT CLOCK OSCILLATORS

CONFIG
URATION| SCIENCE INSTRUMENT DIGITAL TELEMETRY UNIT COMMAND, CONTROL UNIT
NO. CONTAINS CONTAINS CONTAINS REMARKS
t. IPRIMARY MULY LEXERS DIGITAL MAIINFRAME MULTI-  |SEQUENCER USES PIONEER DTU WITH REDUNDANCY
BUFFER AMPLIFER . . PLEXERS, . COAST TIMER AND $PSG SOARDS REMOVED, SCIENCE
ANALOG-TO-DIGITAL CON- PROGRAMMER BOARD IMEMORY INSTRUMENTS MUST OPERATE WITH
VERTER SUBFRAME MULTIPLEXERS TWO FIXED FORMATS EITHER OF WHICH
ADORESS COUNTERS {ANA AND DIGITAL} 15 SELECTABLE FROM THE SEQUENCER.
1 COHJ/OLUTIONAL ENCODER -
BIPHASE MODULATOR
DESCENT CLOCK OSCILLATORS
2 PRIMARY MULTIPLEXERS DIGITAL MAINFRAME ULTI-  (SEQUENCER USES PIONEER DTU WITH REDUNDANCY
ADDRESS COUNTERS PLEXERS [COAST TIMER AND SPSG BOARDS REMOVED. 150-
PROGRAMMER BO/R0 ORY LATION RESISTORS MUST BE REMOVED
SUBFRAME MULTIZLEXERS A/D CONVERTER FROM MAINFRAME MULTIPLEXER SOARDS
ENCODER BUFFER AMPLIFIER 10 ALLOW THEM TO HANDLE ANALOG
MODULATOR SIGNALS. SAVES ON NUMBER OF A/D
DESCENT CLOCK OSCILLATORS CONVERTERS USED BUT ANALOG $1G-
NALS MUST TRAVEL LONG PATH FROM
SCIENCE INSTRUMENT TO DTV TO
COMMAND/CONTROL UNIT WITH CON-
SEQUENT REDUCTION IN ACCURACY --
OR A/D CONVERTER MAY 8¢ PLACED
IN DIU: REQUIRING A NEW SOARD
DESIGN IN THE DTU, SCIENCE FORMATS
STILL FIXED AS IN CONFIGURATION 1
ABOVE.
3. INO ADDITIONAL CIRCULTRY DIGITAL MAINFRAME MULTI-  |SEQUENCER SAME AS CONFIGURATION 2 ABOVE,
PLEXERS [COAST TIMER EXCEPY THAT SCIENCE INSTRUMENTS
PROGRAMMER BOARD IMEMORY ARE NOT REQUIRED TO DO MULTI-
SUBFRAME MULTIPLEXERS A/D CONVERTER PLEXING . REQUIRES MORE WIRES
ENCODER IBUFFER AMPLIFIER SETWEEN SCIENCE AND COMMAND/
MODULATOR [PRIMARY MULTIPLEXERS CONTROL UNIT.
DESCENT CLOCK OSCILLATORS JADORESS COUNTERS
4. SAME AS CONFIGURATIONS OIGITAL MAINFRAME MULTI-  ISAME AS CONFIGUR- 10 OSTAIN FLEXIBLE FORMAT CHANGES,
1,2, AND3 PLEXERS ATIONS 1, 2, AND 3 A MAJOR PROGRAMMER REDESIGN 15
MODIFIED PROGRAMMER SOARD REQUIRED. THIS CAN Bt DONE 8Y
SUBFRAME MULTIPLEXERS EXTENSIVELY MODIFYING THE MO-
ENCODER GRAMMER SOARD IN THE DTU.
MODULATCR

OTHERWISE SAME AS CONFIGURATIONS
1, 2, ANDJ

5. INO ADDITIONAL CIRCUITRY SUBFRAME MULTIPLEXERS QUENCER USES THE DIGITAL AND AHALOG $U8-
ENCODER COAST TIMER FRAME MULTIPLEXER SOARDS AND THE
MODULATOR MORY OUTPUT LOGIC BOARDS FROM THE
DESCENT CLOCK OSCILLATORS. A/D CONVERTER PIONEE DTV,
FFER AMPLIFIER
MROVIDES FORMAT FLEXIILITY; REDUCES
wwocl ‘c‘gbﬁ','f"‘“‘ LENGTH OF PATH ANALOG SIGNALS
ODRESS COUNTER . [MUST TRAVEL 8Y REMOVING DU fROM
N THE CRCUNT; SEQUIRES GREATEST
o yveriil E'%.thu/comm UNIT DESIGN
o, [NO ADDITIONAL CRCUITRY NOT USED EQUENCER REQUIRES REPACKAGING OF ENGI-
OAST TIMER NEERING MEASUREMENT MULTI-
MORY PLEXERS, CONVOLUTIONAL ENCODER,
convERTER 91-PHASE MODULATOR, AND CLOCK
FER AMPLIFIER OSCILLATORS,
L MULTIPLEXERS & (3 YOARDS IN OTU)
oo COUNTER 11 oWS ALL MULTIFLEXING, COMMAND,
“ AND CONTROL LOGIC TO §€ GROUPED
OGRAMME! TOGETHER WITH RESULTANT SAVINGS IN
OOULATOR SIZE AND WEIGHT
SCENT CLOCK .
OSCILLATORS ALLOWS ALL CRCUITS TO BE PACKAGED
UNDER SAME DESIGN CONCEPT WITH
ONLY ONE PACKAGE NEEDING 10 O
QUALIFIO.
INCREASES RELIABIL ITY MCAUSE OF
AEDUCTION IN NUMBER OF WRES AND
CONNEC TORS INVOLVED AND MCAUSE
OF RIPLACEMENT OF $31 CRRCUITS USED
1N DTU W ITH CURENT M51 CRCUATS.
7. INO ADDITIONAL CRCUITRY SAME AS CONFIGURATION QUENCER PROVIDES FORMATS COMPATILE WITH
4 WITH ANALOG 10AR) OAST TIMER SOTH PROBES, WS, AND CRIITER,
MODIFIED MORY CHANG? 10 ANALOG JONRD ALLOWS
AESPONSE 10 7 AND 10 M1 ANAMLOG
1 CHNCL AND HOUMKEEPING tecume-
MES. (5.
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In Figure 7.7-8 the smooth curve is indicative of the bhit rate versus
time requirements of data acquisition for the large probe science experi-
ments, assuming a fixed number of samples per kilometer, The steps
shown are rcpresentative of discrete changes in the time between the acqui-
sition of a frame of data., At the two points shown, frames are started at
21/2-and 7 1/2-second intervals, respectively. In both cases, it takes ‘g
less than 2 seconds to acquire the data to fill a frame. The result is an
effective bit rate change while holding the sampling time for each instrument
constant throughout the mission. This technique allows all measurements .
within a frame to be taken in a minimum descent distance interval and pro- st
vides consistency in settling time for measurements. The circuitry of
Figure 7.7-9 implen. nts the variable nonbinary frame rate data collection.
Figure 7.7-10 shows the circuitry required to provide nonbinary bit rate

changes. Appendix 7.7A discusses this in more detail.

7.7.3.5 Synchronization and Time Reference Word Minimization

We have reviewed the requirements for frame synchronization and
_the minimization of frame sync bits. For the Atlas/Centaur preferred con-
figuration housekeeping word size is not critical and the 24-bit sync word
used in Pioneer 10/11 will be used. Time reference is common to both
systems and will be discussed below. For the Thor /Delta system, Viterbi -
'decoding, wh1ch requires no sync word for decoding, is recommended. ;

Frame sync after decoding can be done by a seven-bit Barker sequence code.

For all probes, ‘ssion time is referenced to the initialization of the
descent timer by redundant g switches. The maximum mission duration is
1 1/4 hours or 4200 seconds. If each frame were time tagged to the nearest i l

-

second, 13 bits and a separate counter would be required. If timing resolu-

tion exceeding 1 second were desired,l additional bits would be required.

A maximum of 700 frames of data will be transmitted for the large
probe and less than 330 frames of data for the small probes. Because all
event times are fixed with respect to the timer (includiny the start of each

frame) frame count contains as much time information as would a time word.

In addition, subcommutated data are also locked into a given position with
res“pectbto the start of each defined major frame, so no subcommutator
identification tag is required. Since the frame count contains all timing in-
formation nccessary for the mission, the 10-bit count for the large and small

probes is recommended as the only time reference data requirements.
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7.7.3.6 Programmer Design Concept

The merits of a central pregrammable processor in the probes versus
conventional prog rammervs in the subs‘ystem have been considered. The
relative simplicity and fixed mission concept of the probes would not justify
putting a programmer in each experiment. The seclection of different pro-
grammecrs in the probe was based on power requirements during the two

distinct mission phases, coast and descent,

Two programmers, coast and descent, are used for hoth large and
small probes. The first programmer is used during coast from separation
to entry minus 3 hours and initiates the required events, The purpose is
to transfer to main battery power and start the second, or descent mode,
programmer. The descent programmer provides all timing controls for
the final 4 hours before impact. Two programmers are required, since
the 1-second resolution required for the descent phase would impose an
unacceptable decode requirement if used over a 25-day period, No reason
‘was found to separate the descent praogrammer into subprogrammers for

format, pyro, power, or any other block of event sequences.

The coast phase programmer is driven by a crystal controlled oscil-
lator, with an accuracy of 1 part in 104, has an output resolution of 1 hour,
and uses less than 100 microwatts of power., It is initiated prior to separa-
tion by the probe bus via the command umbilical, through th~» DHC. Two
days prior to entry it turns on the IR detector heaters. Twe hours before
entry it turns on the main battery heater. Prior to entry it turns on the
main battery power, presets the sequencer to a predetermined state, and has
no further function during the mission., The transfer to the main battery
must be done with an uncertainty of less than + 300 seconds to perform the

-required prcentry operations.

The descent phase programuner is driven by a crystal controlled
oscillator in the DTU with an accuracy of 1 part in 104, has an output resslu-
tion of 1 sccond, and uses less than 7.5 mW of average power by using power
switching on the read-only memories. To reduce th.ev cdmplexity of the time
decode hardware, the time between events is measured and compared to a

preprogrammed time code.




The PROMs store 255 usable addresses, allowing that many distinct
event times to occur., However, since the maximum time allowable on the

time counter is 255 seconds, a dummy command must be given before the

timer times out, Only 40 discrete command times and less than 60 dummy ’

commands are required to cover the last 4 hours before impact, Any desir. ~

able scquence of events can be preprogrammed into the remaining 155 com- .

mand times available for prelaunch and preseparation checkout. This -

greatly simplifies acceptance and cruise checkout software and hardware, gl "
Addresses 1 through 128 in the event counter are assigned to flight

operations. Addresses 129 through 192 are assigned to the preseparation ;\ -

checkout. Addresses 193 through 255 are available for any unique ground

checkout sequences on a routine performance basis., Any given condition

may be programmed and held by disabling the time counter.

7.7.3.7 Large Probg Data /Descent Rate - ;

We performed an overall system tradeoff to select the optimum R 2
combination of power, weight, transmitter power, and thermal control :
allocations for the specified mission. For the early Phase B contract |
science requirements, (bits/km), 24 k bit memory storage was required ‘ ‘

for the large probe, and 4.2 k bit memory storage for the small probe.

However, the Version IV science definition specified the memory

size to be provided. The utilization of this memory size is discussead in

e 7

paragraph 7,7.3.1, ! !

7.7.4 Atlas/Centaur Data Handiing and Command Subsystem Preferred
Design f

We selected the telemetry unit for the Atlas/Centaur system based .

on minimum cost, and maximum commonality and interchangeability. The )
extra weight allowances of the Atlas/Centaur booster make this possible. ¥
The added weight allows the use of an existing design with minimum modi-

fications.

All mission science requirements defined in paragraph 7.7.2 are

exceeded by the capability of the data system. A more detailed description
of the modified DTU is given in paragraph 8.3. 4.1,
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The DIHC subsystem is packaged in two boxes,  One component is the
modificd digital telemetry unit as used on the bhus and orbiter and contains
the functions described in paragraphs 7.7, 4.1 through 7. 7. 4. 3. The re-
maining command, timing, and memory functions desc ribed in paragraphs
7.7.4.4 through 7. 7. 4.0 are packaged in a compartment of the power con-
trol unit hox in order to avoid modifications to the DTU and to reduce the
weight and cost of scparate packages. The DHC functional block diagram

showing the interrelationships of the two units is given in Figure 7. 7-11,

The telemetry unit used in the Pioncer 10/11 spacecraft will be used
in both large and small probes. Since no attitude control systems are on
the probe, the spin period sector generator boards are of no value and will
be removed. Since no uplink commands or self-check are available after
probe :eparation, decision-making circuitry on hoard the redundant main
framc and programmer boards will be removed to save weight and power.
In addition, to meet the science requirements in terms of format, bit rate,
and word length, the programmer and analog subframe boards will be re-
designed. Changes are shown in Figure 7.7-12. If the probes alone were
involved in the programmer and analog board changes, it would be cost
effective to cither adapt these functions by the additions of external cir-
cuitry or develop the Thor /Delta new design described in paragraph 7.7.5.
However, the requirements imposed on the bus and orbiter also require

changes to the same two boards.

The five hoards used in the probes are:

1) Mainframe Multiplexer - This board contains multiplexers,
demultiplexers, and drivers for 32 digital channels, Selection
is under control of the programmer.

2) Programmer - The modified programmex controls the addressing
of all data channels and controls the bit rate and mode. All for-
matting is donc by PROMs and cnough are used to contain both
large and small probe formats.

3) Analog - The analog board contains two 10 hit ADCs and the
rclated analog multiplexers and drivers. One ADC is scheduled
for usc by engincering, but may be used for science, Six-, seven-,
cight-, or ten.hit words arc extracted from thc output register
as nceded, under control of the programmer. All analog words,
mainframe and subframe are channeled through this board.
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MG y
- SPSG-A *

PROGRAMMER-A
MAIN FRAME=A

REMOVE FROM
EXISTING DLSIGN

r
REDUCE PACKAGT HUIGHT
]
MODIFY TWO SOARDS )
ANALOG SUS FRAME
Figure 7,7-12, Location and Replacement of Plonesr 10an.. 1} Beavds 2

4) Digital Subframe - All digital channels used for subcommutatea
(g™ data are channeled through this board. All the necessary multi-
plexers, dc.nultiplexers, and drivers are available.

-~
B i’, -..<.
}

g
e

5) Output Logic - The convolutional encoder, biphase modulator, and

miscellaneous logic is provided by this board.

With the board modification, the five nonredundant boards are common
to bus, orbiter, and both probes. Further cost reduction is achieved be-
cause the telemetry units have enough PROMs to cover both large and small
probe formats, making them interchangeable and reducing the spares prob-
lem. DTU characteristics for the preferred design are given in Table 7. 7-12.

The Version IV science requirements are the basis for the design.

? 7.7.4.1 Programmer Board Design

The programmer board design follows the basic concepts of the Thor/
1 Delta design. Formats are controlled and changeable by the use of PROMs.
The word length is changeable by the use of a programmable countdown
counter whose address is supplied by two outputs from the format PROM,

The main difference between the Atlas/Centaur programmer and that
used in Thor/Delta is that the Atlas/Centaur design uses only binary steps

in bit rate selection. In fact, both large and smali probes use only one bit
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Table 7.7-12. Modified DTU Charactcristics - Atlas/Centaur,
L.arge and Small Prohes

1. BASIC CLOCK FREQUENCY 4, 194304 MNHZ
STABILITY - 0,02%

2, TypPE PCw {
3, BIT RATES 2040 405

4. DATA INPUT CHANNELS
MAIN FRAME 32 DIGITAL CHANNELS

24 BASIC SCIENCE FORMAT A& .
8 SPECIAL SCIENCE FORMATS D1 THROUGH D-8 P
16 ANALOG CHANNELS

SUBFRAME 33 DIGITAL
92 SiLEVEL
95 ANMOG
5. INPUT VOLTAGE RANGE 010 + 3 VOLTS ANALOG (MAIN FRAME) .
DIGITAL AND SILEVEL COMPARATOR ‘
THRESHOLD + 2.0 YOLTS =4
6, A/DRESOLUTION 10 BITS &
7. DATA QUTWT BIPHAE MODULATED NR2Z-L
8. SUBCARRIER FREQUENCY 32,756 KHZ £ 0,02% SQUAREWAVE !
9. DATA CODING CONVOLUTIONAL CODED DATA OUTPUT i

10, OPERATING MODES

RE. | TIME |
TELLMETRY STORE ’ |
MEMORY READOU? i
REAL TIME PLUS MEMORY READOUT

1. DATA FORMATS, SCIENCE A ENTRY ® -
{ALL REPROGRAMMARLE BY . DISCENT C
REMACING APPROMIATE \

READ ONLY MEMORY) D, DESCENT
Dy DESCENT

-1 & £-2 64 WORD SCIENCE SUBFRAME
(NOT SELECTABLE 8Y GROUND COMMAND)

ENGINEERING € - ACCELERATE FORMATS
(SELECTABLE BY GROUND ) THRU C-2 AS TWO 64 WORD MAIN FRAMES
COMMAND) IN SEQUENCE :
€1 ACCELERATE ONLY C=1 IN MAIN FRAME
C-2 ACCELERATE ONLY C=2 IN MAIN FRAME
12, FRAME SIZE
MAIN FRAME 7688175, 8, 7, 8 OR 10 81T WORD GROUPS
SUBFRAME SCIENCE ~ 64, 10 31T WORDS
ENGINEERING - 128, TWO 6 MT WORDS/FRAME
13.  MAIN FRAME LENGTH
SCIENTE FO22AT A = 760 ITS
FORMAT D-1 Tnii! D=3 768 BITS
ENGINEERING FORMAY C - 128 TS
FORMAT C-1 AND C+2 . 64 3ITS
14, EXTENDED FRAME COUNTER 1DENTIFIES 1024 UNIC/LE DATA FRAMES
15, POWER REQUIREMENTS 3w
16, SIZ€ 2.4 1 n3172 (IN.)

rate each during descent; 128 bps in the large probe and 64 bps in the small
probe. Other bit rates, as shown in Table 7, 7-12, are available as required
and are under control of external command or the sequencer. This board

differs from the bus and orbiter only in the internal program of the PROMs.

7.7.4.2 Analog Subframe Board Design

The analog subframe board now has two 10.bit ADCs and associated
multiplexers. The change of both the analog and programmer boards allow
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the ADCs to be used in both main frame and subframes, All words will be
converted to 10 -bit resolution and any unused bits will be dropped, This
board is identical to the bus and orbiter board.

7.7.4.3 Main Frame, Digital Subframe, and Output Logic Boards

These boards are all identical to the Pioneer 10/11 boards and arc

unchanged in probes, bus, and orbiter.

7.7.4.4 Descent Timer/Programmer (DTP)

The DTP provides memory storage for commands and time intervals
between commands. It contains the circuitry for discrete event signal de-
coding and provides latching circuits where long-term outputs are required.
It also contains a register for receiving external real-time commands. A

block diagram of the DTP is shown in Figure 7.7-13.

A signal from the coast timer at E.3 hours, and a signal from either
of two g switches at entry, set the event counter to different predetermined
counts that are used as addresses by the PROMs. Information defining the
time intervals between events are stored in a 256 word by 8 bit PROM.,
Two PROMs are used to define which event occurs at each event time,
providing 256 words of 16 bits each. These PROMs use 300 mW of power
each, so at the begimﬁng of each 1 second clock phlse, power is applied to
the PROMs for approximately an 8 .microsecond period, as shown in
Figure 7.7-14. At the same time, the Atime counter is incremented by
one count. The time interval stored in the time PROM is compared to the
Atime count. If they agree a match signal is generated. This signal in-
crements the event counter, causing a new address to be supplied to the
time PROM. The maximum time interval that can be stored is 255 seconds.
‘When longer time intervals occur between events, they must be stored in
a sequence of intervals no longer than 255 seconds each. The time PROM

has sufficient capacity to allow this type of programming for several hours,

The match signal causes a new 16-bit discrete event word to be read
out of the event decode PROMs and entered into the decoders. Four 16-
output decoders are used, providiag a trecal output capability of 64 discrete
 events. The rejection of an all-zeros command as an acceptable state

reduces the usable events o 60, The decoders contain latches that can
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Figure 7.7-13, Atlas/Centaur Large Descent Probe Timer/Programmer
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Figure 7,7-14, Descent Timer/Programmer Timing Diagram

store the command until the next 1 se:ond clock signal occurs. If momen-
tary commands are required they may be dropped by external circuitry.
(Pyro firing signals are 250 milliseconds long.) For ling-duration com-
mands, additional latch circuits are provided at the decoder outputs. Each
decoder-is enabled by a separate bit of the event word. This permits up

to four unique commands to be issued at the same time which is sufficient
for probe requirements. Presently assigned output commands for the

large probe are given in Table 7. 7-13.

~The DTP can also recewe external commands in the form of a 16-
bit word via the probe umbilical, These may be unique checkout comma.nds
that are not used during the mission. In this case, they are not issued as
discrete events from the decoders, but are generated directly from the
command register outputs. This economizes on the memory storage capac-
ity and decoder capacity required. A disable function is provided that per-

mits the Atime count to be inhibited when i csponding to an external command.

The PROMs also contain a checkout isequence that can be entered via
external command. In this case the external command presets the event
counter to the correct address to start the checkouvt sequence, The counter
then steps the probe through the checkout sequence with no additional ex-

ternal commands.

The relationship between the descent timer and the coast timer is
significant. It is a function of the coast timer to turn on the descent timer
sometime prior to entry. In case the coast timer fails to turn on the descent
timer, the ¢ switches turn on everything at entry and only pre-entry data

and warmup time are lost.
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Table 7.7=13. Large Probe Sequencer Discrete Event Channel

’ Assignments, Atlas/Centaur (Version IV Science Definition)
A. 0 (NOTUSED) L. 0 (NOT USED) E
1 SATTERY h ATER ON ) TRANSMITTER DRIVER, RECEIVER, AND ENC INEERING XDUCER 4
2 BATTERY HEATER OFF FOwER ON 3
3 I HEATER ON 2 :m:M&:ER DRIVER, RECEIVER AND ENGINEERING XDUCER Q
4 IR HEATER OFF 3 PRESSURE GAGE POWER ON ~
- 4 TEMPERATURE GAGE POWER ON_ 4 PRESSURE GAGE POWER OFF
& TEMPERATURE GAGE POW/ER OFF 5 COAST TIMER POWER oN s
7 MAIN POWER O, & COAST TIMER POWER OFF -
8 PARACHUTE DEPLOYMENT FIRE 7 PYRO'S QISARM oy .
9 MASS SPEC - TUBE t QPEN s oveo's Al DI
10 MASS SPEC - TUBE | CLOSE 9 ACCELEROMETER POWER ON. ; {
11 MASS SPEC - TUBE 2 QPEN 10 ACCELEROMETER POWER OFF !
12 MASS SPEC - TUBE 2 CLOSE 11 MASS SPEC HEATER HIGH ON I
13 MASS SPLC - TUBE 4 OFEN 12 MASS SPEC HEATER HIGH OFF |
14 MASS SPEC - TUBE 4 CLOSE 13 AEROSHELL FOREBODY JETTISON ERE k |
15 MAIN POWER OFF 14 NEUTRAL MASS SPECTROMETER POWER ON_ 1
15 NEUTRAL MASS SPECTROMETER POWER OFF_ 3 ,
C. 0 (NO: USED) D. 0 (NOTUSED) ( '
1 MODE | (TRANSMIT REAL TIME DATA) 1 TRANSMITTER POWER AMPLIFIER, POWER g_N_ ‘ '
2 MODE 2 (TRANSMIT AND STCRE) 2 TRANSMITIER POWER AMPLIFIER, POWERQF_ N .
3 MODE 3 (STORE ONLY) 3 IR FLUX RADIOMETER POWER ON_ 17 2
o SOLAR R. DIOMETER POWER OF: 4 1R FLUX RADIOMETER POWER OFF_ 1
5 SOLAR RADIOMETER POWER OFF 5 GAS CHROMATOGRAPH POWER ON_ 1
== & CLOUD PARTICLE SIZE ANALYZER POWER ON & GAS CHROMATOGRAPH FOWER OFF '
7 FOREBODY ELECTRICAL CABLE CUTTER FIRE 7 WINODOW HEATER POWER ON ﬁ
" 8 MASS SPEC - TUBE 6 OPEN 8 WINDOW HEATER POWER OFF 2} i
9 MASS SPEC HEATER LOW - ON. 9 MASS SPEC INLET CAP EJECTION FIRE ‘S
10 MASS SPEC HEATER LOW - OFF 10 AFTER BODY ELECTRICAL CABLE CUTTER FIRE X
11 HYGRCWETER POWER OFF 11 AFTER BODY PARACHUTE RELEASE
12 MASS PEC - TUBE 3 OFEN 12 MB35 SHIC - TUBE S OPEN
13 MASS SPEC - TUBE 3 CLOSE 13 MASS SPLS - TUBE 5 CLOSE
14 CLOUD PARTICLE SI12€ SPECTROMETER POWER OFF 14 WIND ALTITVDE RADAR POWER ON
15 HYGROMETER POWER ON 15 WIND ALTITUDE RADAR POWER OFf
1
Another failure mode is possible in the coast timer that may turn on f
the descent timer hours or even days carly. If this were the case, the bat-
teries could be completely discharged at entry and the g switch backup A
. PO
would be unusable. To prevent this, the descent timer will shut off the :
main power if an excessive time lapse occurs after turn on and if no g 5

switch signal has occurred. The probe then remains dormant until the g
switches activate and put the probes in the descent mode. Once again some
or all of the pre-entry data may be lost but tt e bulk of the mission is

protected.
7.7.4.5 Coast Timer

The coast timer is powered from the main battery but is isolated by

o

a high impedance resistor to protect the battery in case of a low impedance

707-3‘
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short in the timer. The timer contains a crystal controlled oscitlator with
an accuracy of >1 part in 104 over the temperature range of interest. Count-
down circuitry is supplied to give outputs with 1 hour resolution. Relay
outputs turn on the IR and battery heaters and the main power switch, The

coast timer interface is shown in Figure 7.7-15.

TO IR HEATER (€ - 2 DAYS) & MAUG LATCH RELAY
TURNED

ON 8Y COAST
# TIMER K2, AND OFF
8Y THE SEQUENCER POWER
avaus XFER o
COAST RELAY
G SWITCH 1 losvmcu 2 | e
(%
X, [ . § SEQUENCER
. 1 row START
:‘.2_:1:;__:“" o arex 1 RE-ENTRY)
S SET (DESCENT) —
{ < + ws
COAST TIMER COAST by 20v
y <or TIER
e
consy i ShicHeD
v
COAST | Sver SEQUENCER
THAER DISARM
A SWITCHED
« 1 3 } musl
2
kg rowtr switch b DISARM
(AME AS K, 8K,

Figure 7,7-5, Coast Timer Interface

7.7.4.6 Memory

The memory unit is packaged with the descent timer/programmer
to avoid additional changes to the DTU, The memory is required to store
entry data prior to establishing the communication link. To obtain maxi-
mum commonality, the same memory unit is used on the large and small

probe,

The memory uses the same memory element used on the orbiter--
a 2560 bit hybrid, Science storage requirements are 1000 bits for the
large probe and 250 bits for the small probe, but no bit rate is defined.
Since any bit rate may be needed, the binary steps in data acquisition
rates put a restriction on the efficiency of the storage system. To provide
for this contingency twice the specified storage is provided. Engineering

data are required, in addition, and will use the other remaining bits.
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7.7.5 Thor/Delta Data Handling and Command (DHC) Subsystem Preferred
Design

A preliminary design has been completed on the DHC subsystem for

the Thor /Delta booster configuration. The design is in sufficient detail to
allow part selection and count. All system requirements are implemented
at the block diagram level and feasibility of function capability has been
verified by analysis. Power, volume, and weight requirements have been
confirmed and a preliminary packaging concept has been determined for
each probe size, The DHC characteristics are given in Tables 7.7-14 and
7.7-15.

The basic design concepts are common to the large and small probes.
The changes occur in the stored programs in the PROMs used for the
sequencer and format generators and in the number of formats and data
channels. A block diagram of the DHC is presented in Figure 7.7-16. A
detailed functional description of key blocks is discussed in the following

pa ra;gra'phs.

7.7.5.1 Descent Timer/Programmer (DTP)

The DTP designed for Atlas/Centaur (Figure 7.7-13) with slight
changes will be used to supply all the discrete event commands and to de-
code the command word. It differs from the Atlas/Centaur design in that
format, bit rate and mode select are discrete commands rather than a
gerial bit stream. The discrete events command assign events are listed
in Table 7.7-16.

7.7.5.2 Data Buffer/Memory

The data buffer /memory (Fig. 7.7-17) receives serial data, converts
it into four -bit parallel bytes, and stores it in a COSMOS memory. An
address counter is incremented by one count for every byte stored. When
data are to be read out, the address counter is cleared and the first datum

stored is the first read out.

The memory for the probes is composed of four hyorid packages,
each containing ten 256-bit COSMOS integrated circuit memories. Each
package can be viewed as a 2560 word by one bi. memory. These four
hybrids are addressed in parallel to form a 2560 word by four-bit memory.

The address counter is composed of an eight-stage binary counter which,
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Table 7.7-14. lLarge Probe DHC Characteristics, Thor/Delta

1. BASIC CLOCK FREQUENCY

4,194304 MHZ
STABILITY = 0.01%

2. TYPE OF DATA AND MODULATION

PCM/PSK/PM

3. BITRATES

1024 B8PS 170.78PS 93  BPS
512 BPS 146.38PS  85.3 BPS
341.38PS 128 B"S 78.8 BPS
256 B8PS 113.98PS  73.2 BPS
205 BPS 102.48PS  68.3 BPS

4, DATA INPUT CHAMNELS

MAIN FRAME ANALOG -64
DIGITAL - 16
BILEVEL - 8
SUBFRAME ANALOG - 40
DIGITAL -0
BILEVEL __ -18
5. INPUT VOLTAGE RANGE 0 TO +5 VOLTS ANALOG,
DIGITAL AND BILEVEL
COMPARATOR THRESHOLD =
+2.0 VOLTS

6. A/D ACCURACY

10 BITS (+ .05% + 2.5 mV)

7. DATA OUTPUT

BIPHASE MODULATED NRZ-L

8. SUBCARRIER FREQUENCY 16,384 KHZ £ 0.02%
_SGUARE WAVE

9. DATA CODING CONYVOLUTIONAL
RATE 1/3, K = 6

10. OPERATING MODES

1. REAL TIME
4. TELEMETRY STORE

3. REAL TIME WITH MEMORY
REALCJT

11, DATA FORMATS

A - PREENTRY, SEISMIC
B - BLACKOUT

0, - DESCENT , HIGH ALTITUDE
D, - DESCENT, LOW ALTITUDE

12. FRAME SIZE
MAIN FRAME

A, 504 BITS, 8 AND 10 8IT WORDS
D, 304 BITS, 8 AND 10 8IT WORDS
D, 480 BITS, 8 AND 10 BIT WORDS

8, 504 8115, 8 AND 10 BIT WORDS,
STORED DATA ONLY

13, FRAME.COUNTER

IDENTIFIES UP TO 1024 FRAMES

74, POWER REQUIREMENTS 30W
5. SIZE 2620 CNS
1.4KG

| 16. WEIGHT

7.734

&4

%‘
V.
§.
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Table 7.7-15. Small Probe DHC Characteristics, Thor/Delta

AR N
1. BASIC CLOCK FREQUENCY 4.,194304 MHZ
STABILITY = 0.01% I [ 3
2. TYPE OF DATA AND MODULATION PCM/PSK/PM :
3. BIT RATES 128 BPS 21.3BPS  11.6 8PS
64.0 BPS 18,38PS  10.7 BPS
42.7 ®PS 16,0 8PS 9.85 8PS e
32,0 BPS 14.28PS  9.158PS por
25,6 8PS 12.88PS  8.53 BPS ‘\
4. DATA INPUT CHANNELS - \
MAIN FRAME ANALOG -6 S
DIGITAL - 8 '
BILEVEL -8
SUBFRAME ANALOG  -32
DIGITAL -8
_BILEVEL -24
5. INPUT VOLTAGE RANGE 0 TO +5 V ANALOG, ;
+2,0 V THRESHOLD ON 2
) 8il EVEL AND DIGITAL
| 4. A/DRESOLUTION 10 BITS ‘
7. DATA OUTPUT BIPHASE MODULATED NRZ-L 5
' 8. SUBCARRIER FREQUENCY 16,384 KHZ £.0.02% 1
SQUARE WAVE .
9. DATA CODING CONVOLUTIONAL ‘
RATE 1/3, K= &~~~ s
10. OPERATING MODES 1. REAL TIME 1

2. TELEMETRY STORE C
3. REAL TIME WITH MEMORY READOQUT

i ek

11. DATA FORMATS ' A - PREENTRY & SEISMIC !
. 8 - BLACKOUT
O - DESCENT ‘ z
E 12, FRAME SIZE - , - R
z MAIN FREME A - 264 BITS, 7 AND 10 B!{ WORDS | .,
8 - 244 BITS, 7 AND 10 81T WORDS, \
- STORAGE ONLY ,
D - 264 BITS, 7 AND 10 BIT WORDS
13. FRAME COUNTER IDENTIFIES UP TO 1024 FRAMES
14. POWER REQUIREMENTS 2,.2W
s, size 1980 G —1

: J 16, WEIGHT 0.7 KG I

"_ 7.7.35




e

£ Y K N
”.} o F l‘\nlrb.ﬁ..w.n.rw :.w cq.i””é,uww.uidwlvg TTevseE

ejagjioyy pun
(OHQ) PuewL) pue buzpuey eeg westeig 2018 "9t-L°L asnbig

Bishivel BMO4 M

S ———
anwu SIHDLIA
NO BLVIH =] 15VO? °
se3sTud
ssIsaav
| — T T awwwnioou ¥ Jawu sl Y |
| OLYENID anwd 21901 | l N
SANYANG)D — ANYWWO)D NOUIINS 193X
31393510 09 lﬂ A1YWWOD “ any
|
0UNOD IS _
30w 1YWEO3
_ _
——— — _ _ IDVBING
_| ] A Y 100XIIHD
WWSION vivd A oﬂu.::..!.dw. )
|| soweas || _ R s 0
N _ a¥om a3xi3 _ _ _ =50 K
L]
N 1 ] 1901 GNY L||7M ~
| LI 3 ason FN:
———=}——— .. anwwno> eI
[ N _ a0 e
woora | | | | ) i .
WILSAS 3 o — TYNOUNTOANOD
39034 O1 v | WINIWOD -~ _ _
| | soiviaow aswais | | | ) HOLVW ]
2190
_Il.lul.l..lll_ —l.llll.lll|_ —ll L e ﬁ,ku;mh_‘: WARINI WL |
g p——

= T 7 Taowmi i

YILBANO O/
v AOVAW/3 1408 4
_ viva | | 131 WIVINGOW

—"ll||.||\_ * Ohuu_-wm-(luxhhﬂ

ONINOUIINOD vivaQ
TNOIS

* INNOD INVEs

|

|

_

I

_ el
_ e sassaav] M_uuuuw» s .

NMOLNNOD _
viva | viva 5::«5_ ONIWL ? ¥OIVIUKD _
IDVRAUNI | SOLvEINIO) _ _l OLVEINID LYWICI B ONIWH
WILSASENS | TTv _ —_——— —— — — I Y T
? INIWHR4XT et sNIwLS
::s._a 1IXIUILINWIQ |
B e |




———_ e

’ Table 7.7-16, lLarge Probe Sequencer Discrete Event Channel
Assignments, December 1972 Science
A 0 (NOT USED) 5. 0 (MOTUSED) .
- ' FORMAT A 1 LACoRuTicR DRIVER, RECEIVER, AMD ENGINEERING XOLUCER
2 FORMAT B POWER Oy '
3 FUNMAT DI 2 TRANSMITTER DRIVER, RECEIVER, AND ENGINEERING XDUCER "§
POWER QFF .
4 FORMAT D2 3 SHOCK LAYER RADIOMETER CALISRATION QN
§ SCIENCE POWER A OB 4 SHOCK LAYER RADIOMETER CALISRATION QFF ‘
6 SCIENCE POWER A OFF 5 SCIENCE POWER € ON .
7 COAST TIMER POWER OFF 6 SCIENCE POWER C OFF
8 PARACWUTE DEFLOYMENT EI8E 7 PROS QAR |
9 MASS SPEC . TUBE ! OPEN 5 FVRO'S AR ‘
10 MASS SPEC - TUBE 1 LOSE 9 SHOCK LAYER RADIOMEIER THRESHOLD SENSOR ARM. -~
11 MASS SPEC - TUBE 2 OPEN 10 SHOCK LAYER RADIOMETER THRESHOLD SENSOR DISARM
12 MASS SPEC - TUBE 2 GLON 11 MASS SPEC HEATER HIGH ON.
13 MASS SPEC - TUBE & QPEN 12 MASS SPEC HEATER OFF
14 MASS SPEC - TUBE 4 CLOSE 13 AEROSMELL FOREBODY JETTISON EIRE. i
15 SPakE 14 INTERNAL POWER OFF. s T
15 SPARE
C. 0 INOTUSED) 0. 0 (NOTUSED)
} MODE | (TRANSMIT REAL TIME DATA) 1 TRANSMITTER POWER AMPLIFIER, POWER QN
2 MODE 2 (TRANSMIT AND $TORE) 2 TRANSMITTER POWER AMPLIFIER, POWER QEF
3 MODE 3 (STORE ONLY) 3 DATA 81T CLOCK STARE
4 SPARE 4 DATA M7 CLOGK Sl
5 SCIENCE POWER 8 ON § SCIENCE POWER D QN
6 SCIENCE POWER 8 QFF & SCIENGCE POWER D QFf 2
7 FOREBODY ELECTRICAL CABLE CUTTER EIRE 7 WINDOW HEATER POWER ON
8 MASS SPEC - TUBE & OPEN 8 WINDOW HEATED POWER QFF
9 MASS SPEC HEATER LOW - ON 9 MASS SPEC INLET CAP EJECTION EIRE.
10 COAST TIMER POWERQN 10 AFTER 8ODY ELECTRICAL CABLE CUTTER EIFE, -
1 HYGROMETER POWER QFE 11 AFTER BODY PARACHUTE RELEASE
; 12 MASS SPEC - TUBE 3 QPEN 12 MASS SPEC - TUBE 5 QPEN. ;
¢ o 13 MASS SPEC - TUBE 3 CLOSE 13 MASS SPEC - TUBE 5 GLOSE 5
: 14 AUREOLE/EXTINCTION DETECTOR POWER QFF. 14 SPARE :
' 15 SPARE 15 SPARE 1
A
o 8t

ADDRESS COUNTER

: RATE
4 MODE
— CONTIOL 110 10
: ‘ oA, Lu.octc DECODEN
= SEQUENCER WRITE ‘
brepetty BUFFER MEMORY
PARALLEL
DATA CONVERTER 25¢0 WORDS X 4 BITS
L\‘ BITS)

Figure 7,7-17, Data Butfer/imemory

in turn, feeds a decade counter. The output of the decade counter drives

a 1 of 10 decoder, The oulput of the decoder selects the particular IC chip o
in a hybrid package into which data are stored, '

t . Cos*s are reduced by using the same hybrids used in the orbiter,

Z‘J 70 7"37




e~
- g

el

4

7.7.5.3 Timing and Format Generator

The timing and format generator generates all timing pulses for the
DHC by counting down the output from a crystal oacillator., The bit rate is
variable through the use of a programmable counter that is controlled by
the descent timer /programmer (DTP). Four separate formats are stored
in the format gencrator composed of four PROMs, Format selection is
controlled by the DTP, A block diagram of the timing and format generator
is given in Figure 7.7-18.

BASIC worp
CLoCK RATE |
—l— |
i
. MODULO-N oIT WORD |
osc —ao% v COUNTER COUNteR [~ EOF
]
- '
4194304 HZ (1074 8P5) | )
wORO !
LENGTH EoRMA' ADDRESS
—1024 SELECT 1 GengrATOR DECODE
(4 ROM'S) LOGIC
TIMING AND |
FORMAT GENERATOR 3
SEQUENCER FORMAT SELECT

Figure 7.7-18, Timing and Format Generator Intertace, Large Probe

The oscillator runs at 4 194 304 Hz, This frequency was selected so
that the 1-second sequence clock could be obtained by dividing the oscillator

frequency by an integral multiple of 2 (224).

A high clock rate (1024 for the large probe and 128 for the small
probe) is fed into the modulo-N counter, which can be commanded to divide

by any integer between 1l and 15, In this way the systemv bit rate can be

~varied as required throughout the mission, This bit rate is then divided

by 7, 8, or 10, under control of the format generator, to generate word
rate pulses. The word pulses, in turn, are counted in a word counter to
provide an end of frame (EOF) indication. The parallel outputs from the
word counter are used to provide an eight-bit address to the format gen-
erator, Each PROM in the format generator is 256 words by 8 bits, Power
is applied to the PROMs for 8 us at the beginning of each word pulse. The
eight -bit word read from a PROM is stored in a low power IC register and
is used to control the word length and to provide an address to the multi.
plexer.
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7.7.5.4 Multiplexer
The multiplexer performs the functions of address decoding, signal

multiplexing, and analog -to-digital conversion. A block diagram of the

multiplexer is shown in Figure 7.7-19.

The multiplexer receives an cight -bit address from the format gen.
crator. Six address bits are used to sclect a measurement, and one bit is
used to determine whether it is an 8. or 10 -bit measurement (large probe)
or a 7- or 10-bit measurement (small probe). The address detector deter-
mines whether the address is multiplexed locally, or remotely in the
experiment, and if itis a subcommutated address. Control signals are
then issued to the proper multiplexer. Several engineering and instrument
temperature measurements require a current source for the thermistors
and this demultiplexing is done in parallel with the multiplexing operation.
Timing pulses are also supplied as required. Separate analog ground

returns from each experiment are multiplexed along with the signal leads.

The temperature measurements are low-level signals (approximately
1-40 mV) and are fed througha low-level amplifier to raise them to the
standard 0-5 volt range. The outputs from the various multiplexers are
then selected by a second-level multiplexer, fed through a differential to
single -ended amplifier «nd into a ten-bit ADC. Digital and bilevel words
are fed through a digital comparator. The outputs of the comparator and
ADC are combined and fed out to the data storage unit as a continuous bit

stream.

7.7.5.5 Data Framing for Probhe Communications

For the Thor /Delta configuration, the Viterbi algorithm is the
preferred decoding method for the prcbe channels. This is discussed in
the communications section (paragraph 7. 6). This decoding method re-
quires no frame synchronization so that framing techniques need only be
concerned with attaining correct data blocking. The data frame synchroniza -
tion can be done entirely after decoding, i.e., on the decoded data that
gives error protection to the framing sequence and simplifies the decoding

procedure.

A framing sequence must be chosen that has satisfactory correlation

properties in a roiseless environment to separste it from data, and which

7.7-39
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will also give acceptable probabilitics for correct data framing with noise
present. The bit error rates (BER) on the typical probe channels will be
about 10~

Frame synchronization can be accomplished by using either a prefix method

and data framing must be achieved in this noise environment.

(insertion of a known sequence called a prefix or comma), or a comma -free
method. Only the prefix method will be considered at this time with con-

centration on Barker sequences.

Barker sequences are limited in length to 13, three of which are given

below,
N = 3, 110
N =17, 1110010
N =11, 11100010010,

-4

For p (bit error probability) = 10 °, the probability of making an

error within a frame sequence of length N = 11 is approximately 10'3;
and the probability of two frames each containing a bit error is approxi-
mately 10'6. Hence, the number of repetitions, M, of the sequence re-
quiied to attain synchronization due to noise errors is small. To establish
frame synchronization the following decision variable can be used:

Zv - pdv (1 -p)Mn'dv

where n is the number of bits in the synchronizing sequence, clv is the
Hamming distance (number of bit value differences) between the observed
sequences hypothesized to give frame synchronization and the actual se-
quence, and v is the epoch or the index of the frame synchronization being
considered. For frame synchronization, Zv is maximized with respect

to v. For p<1/2 the decision vaiiable can be simplified to:

Z =d
v v

For Barker -type sequences the number of repetitions, M, of the sequence

required for synchronization can be approximated by:

-1
p(l-p) + =5
M i 3 ° Zln(p—l-)
N(l--—-p) e
q

70 7-40

b
)

Py v



773

REF PWR
surnyY

SECOND
LEVEL

MUX
(10 INPUTS)

OIFF

10
SINGLE-ENDED
AMP

AD
CONV

DIGITAY
BILEVEL
comr

WORD

LENGTH

1 LO LEVEL
AMP

-
I

—

THERMISTORS

P (EXTEINAL

TO DHC)

L

- B - - e »-1’
"
BILEVEL WORDS A/ED ADDRESS
GENERATOR &
MUX
ot
RATE
— _— AT N SFmMENITT )
I, SOLAR FLUX
I S.¢., P.F., S.L.R,
'- PLAN FLUX oot
ALk,
st
L——__JdpL——=d
i
iz :
8 t ENG, WORDS 2 2 32 INPUT
€SS - BILEVEL
- MWUX
Al
=RAIOR
2 ENGINEERING . 48 INPUT
SUICOM ANALOG
W MUX
16 INPUT
SCIENCE ANALOG
SUBCOM MUX
{HI LEVRL)
CURRENIT CURRENT
SOURGE DE -MUX
1 MA (48 OUTRUTS)
ANALOG
8 MUX
(24 INPUY
HI-LEVEL)
LS
8 CHANNEL
WORD MATE ] NG s OIOHTAL
81T RATE o ————— DE-MUX E—— MUX
| SEC PULS Memmmmmmmeme-gsf TIMING
v PULSES
10
SCIENCE

=T FRAMY |

’

Mt

figure 7,7-1




uv g
RATE o "o
0S A/ED ADDRESS
GENERATOR &
- MUX 1
RF PR S
susmY -
— — ——ToERE | SRR T~ f '
L AR FLUX | T
SECOND oiFF
20N FLUX hioes L e O e 10 = A
XS TS MUX SINGLE-EDED CONV
\ (10 INPUYS) AMP ‘
L.z, .
JRS— {
e e e b —— —
2
2 woRs .
DIGITAY )
2,] nwe Hieve Lenom™ AN g femoATARREY '
By M MEMORY ;
“wor|
1

48 INNUT 1 LO LEVEL L

==NGINEERING
FSUBCOM ANALOG AMP
MUX
16 INFUT _'_4
SCIENCE e ANALOG

SUBCOM MUX
(M1 LEVEL)

r —— e —-]
CURRENT o= CURRENT I ™ |
SOURCE DE -MUX (5,51‘23131‘2“ |
1 1A (48 OUTPUTS) i* o oAe)

N— S

ANALOG

8 MUX 2
[ 700 S
HI-LEVEL)

!
NMING l 3 8 CHANNEL ,
PULSE DIGITAL -
- DE-MUX N Mux -
TMING #
;LC;LSES . 5
SCIENCE figure 7.7-19. Large Probe Multiplexer Block Dixgram ¥

-y

7.7-41
FOLDOUT FRAM <}

ey - "3"-?)’1,'




where q = 1-p and Pe is the probability of incorrect synchronization. For =
example, with N = 11, p = 10"}, and a desired P_ = 102, M = 13.8 while -
for p = 10-3, P = 102,

-3

M=1.38 x 1C
Since M< 1, only one iteration is required. Results are, of course, better

forap = 10°% or better BER.
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7.8 ELECTRICAL POWER

This section contains requirements, power profiles, and battery

sizing data for the Atlas/Centaur and Thor/Delta probes.

7.8.1 Introducticn and Summary

The probe electrical powar subsystem consists of the battery, which
is the primary source of power for all independent probe operations; and
the Power Control Unit (PCU). A simplified block diagram is shown in
Figurev7. 8-1. The PCU controls the power to all using.subsystems, con-
tains the fault isolation circuits and provides the firing circuits for pyro-
technic initiators. In addition, portions of the Data Handling and Command
(DHC) subsystem such as the coast timer, descent sequencer, and data
storage unit are packaged in the PCU to eliminate the need to design and

qualify another separate box. In arriving at the preferred design for the
electrical power subsystem, a aumber of trade studies were conducted,
including:

e Probe battery analysis and selection

® Regulated versus unregulated bus

e Cell bypass versus no bypass

e Inflight charge versus no-flight charging

® Relays versus solid state switching

® Capacitor versus direct battery pyro firing.

 The results of these studies, discussed in the paragraphs that follow,
combined with the missicn requirements and the derived load profiles led
to the preferred subsystem design for each mission option. For the 1978
mission with A_tlas/Centaur launch vehicle and the Version IV (April 1973)

_science payload and descent pfofilé, the subsystem description follows.

Silver Zinc Battery. This battery was selected because of its long
life with high energy density (83 W -hr/kg), its minimum charge stand
losses, because it has successfully passed 750-g acceleration tests and is

capable of providing 526 W-hr of energy as required for the mission with

410 perce.* regulation,

.
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Figure 7.8-1, Probe Electrical Power Subsystem, Simplified Block Diagram

Power Control Unit. This unit provides the timing, sequencing,

7.8.2 Requirements

command, control functions, fault isolation, and pyrotechnics ignition.

The Atlas/Centaur probe ba;t{e’ry:’requiféinéﬁté are summarized in

Table 7.8-1 for the large and small probes.

Table 7, 8«1, Battery Requirements Summary, Atlas/Centaur

Configuration

LARGE PROBE

SMALL PROBE

WET STAND TIME
MISSION DURATION
DISCHARGE TIME (ENTRY)

MAXIMUM ACCELERATION (QUAL LEVEL)

TOTAL ENERGY
MAXIMUM ORDNANCE FIRING CURRENT
BATTERY TEMPERATURE RANGE
VOLTAGE TO USERS
A) SCIENCE
B) SUBSYSTEMS
| BATTERY HEATER POWER (PREENTRY)

ol

16 MONTHS
133 DAYS
1,20 HR
600G
526 W-HR
36 AMP
- =18 1O 85°C

28 VDC + 10%
28 VDC + 10%
80 W-HR

70 8"2

16 MONTHS
133 DAYS
1.10 HR

600 G

246 W=HR

=18 1O 85°C

28 VDC + 10%
28 VOC + 10%
40 W-HR
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The time-phased load profiles for the Atlas/Centaur large and small
probes are shown in Figures 7.8-2 and 7.8-3. During probe checkout
before separation, probe battery power is used only for the transmitter and
required telemetry. Science, DHC, and transducer checkout power is sup-

plied by the probe bus.

7. 8.3 Tradeoff Studies

7.8.3.1 Probe Battery Analysis and Selection

The key parameters imposed by the probe requirements are weight,
volume, dynamic environment, life, mission reliability, and cost.

The majority of sources can be immediately eliminated by the
major probe constraints of battery volume allocation, 0.175 W-hr/ cm3
(2. 87 W-hr-hr/in, 3) and low cost. Typical of those considered and

rejected on these bases were Ni-Cd and Ag-Cd.

" Systems satisfying both volume and cost were Ag-Zn, Hg-Zn, and
Hg-Cd. All systems have satisfactory energy density considerations
(W-hr/kg) but both mercuric oxide couples are extremely sensitive to load

variations and would need to be significantly oversized to satisfy the voltage

criteria. The Ag-Zn system, of course, is not without its limitations.
The following study compares the Ag-Zn cell performance characteristics

‘'with the operational requirements.

Silver-Zinc Battery Study

Martin Marietta has been developing a high energy density long-life
battery specifically for use in planetary probes. This task has been per-
formed under the auspices of IRAD number 48705 and is described in
Appendix 7. 8A. Results to date demonstrate that a probe battery with an
end-of-life energy deneity of 92. 4 W-hr/kg is attainable for the Venus
mission., Subsequent to the issuance of this report, significant changes
have occurred in the baseline design of the Pioneer Venus battery. The
IRAD task has been redirected to include these changes and at the same
time some improvement has been incorporated into newly designed cells.
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Cell Design Improvements

1) Positive plate manufacturing process revised to ensure closer
tolerances on plate porosity.

2) Negative plate width increased to positive plate width,

3) One layer of polyvinyl alcohol film (PVA) placed between permion
separators to reduce separator oxidation and increase cell life.

These changes have increased the original cell capacity by 25 percent .

within the same volume constraints.

"
Redirectes Studies L

. The IRAD task has been modified to include the following studies: ¥
(1) sealed cells, (2) monoxide charge, (3) pessivation (charge open circuit

stand), (4) passivation (discharge open circuit stand), (5) pulse loads.

2

Preliminary results to dat. show that the IRAD ccll design meets all
the Pioneer Venus additional requirements specified above. The final report v '

(to be published in December 1973) will document this data. g |

Standard aerospace Ag-Zn cells were considered fc . use in the ;
Atlas/Centaur application to reduce costs, It was determined, however, i
that the in;;reasedwweight and volume required did not justify the small parts
cost saving. A cost saving was realized as a result of commonality in use of
two parallei conhected small probe batteries to supply the large probe
power requirements. A sketch of the Atlas/Centaur battery is shown in
Fipure 7.8-4. ‘ J

ENERGY STORAGE CAPACITY 343 W-Ht
At CAPACITY MONOVALENT 12,0 Al .
MASS LAKS ‘
e NAXI1AIXEACH .

IO, OF CBu3 % v
voLumt 200 M . \

SMALL PROBE BATIERY (1 EA)
LARGE PROBE BATIERIES (2 IN PARALLEL)

Figure 7.8-4, Aim/Certaur Probe Battery Coniguration
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The flat monovalent discharge characteristic results from limiting
the voltage on charge to 1.92 volts/cell. By limiting the formation of the
more active divalent silver oxide (AgO), a capacity penalty of 25 percent
results, while wet stand capacity retention is improved. The divalent
charge method requires’a discharge regulator to meet +10 percent voltage
regulation because of the wider voltage variation during discharge.

Sizing of the power system to include a regulator for the required
power increases the total probe mass by 7.6 kg. This includes two 13-cell
batteries and a 340 -watt regulator with an efficiency of 85 percent, Although
the battery has fewer cells, they are larger in weight and volume to meet
the total power requirement. Appendix 7. 6B shows that the monovalent
operation of the battery results in a lighter weight system with smaller
volume and lower costs. Secondary voltages {which are a small portion
of the total power) are provided by power conditioning within the user

subsystem.

We concluded that regulation was unnecessary since only 2 watts of
small probe unit power and 8 watts of large probe unit power required
+2 percent regulation; the remaining demand was unregulated (+10 percent)
power. This small amount of regulated power for experiments can be
supplied by the user requiring it, with a series regulator. The +10 percent
regulation is achieved through control of the battery discharge voltage
characteristic as shown in Figure 7.8-5.

DIVALENT CHARGE METHOD
vours — — [ UPPER MATEAU
MONOVALENT
\ CHARGE METHOD
\_ 1aavors ELIMINATES UPPER MATEAY)
T

Figure 7.8-5. Ag-Zn Discharge Volage Characteristic

The battery temperature must be controlled between 12 and 28°c
while discharging to maintain £10 percent regulation (Appendix 7. 8A).
Both the small and large probes have a battery heater that is activated
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3 hours before entry to raise the battery temperature. (Appendix 7. 8A
‘, provides detailed information for battery heater calculation and design. )

Advantages of monavaleat operation in addition to a flat discharge

characteristice are as follows:

D

e Charged stand losses during cruise are reduced. “4"

' Ay

- @ The lower oxidizing potential reduces attack on integrity of -
separation material. .

® Transient load performance is better. A

3 . ® Open circuit voltage measurement becomes viable indication of
-, full charge. .1:

® Requirement for discharge regulator eliminated; weight, volume,
and cost savings., Each battery consists of 20 series-connected
- cells contained in a fiberglass wrap structure with associated
pel ' thermistors, heater, thermostatic switch, and a Cannon series
5 DMA connector. The configuration of the preferred battery design )
z is shown in Figure 7.8-4. For the Atlas/Centaur, the larg: probe -
oo ) uses two small probe batteries connected in parallel to the power '
< bus; the small probe uses a single battery. The increased weight
capability of the Atlas/Centaur allows a common battery to be used
for both the large and small probe. This commonality reduces cost.

7.8.3.2 Regulated versus Unresulated Bus

A The regulated versus unregulated power bus study, Appendix 7. 8B
identifies losses and margins that apply to the Atlas/Centaur design. An
unregulated power bus was chosen for the Atlas/Centaur probe because of

lower weight, volume, and cost, and an improvement in reliability, The
tradeoff between regulated versus unregulated bus discussed in Section 1V
of Appendix 7. 8B differs in that redundant regulators were used in sizing

=5 the power system. This comparison was updated for a nonredundant regu-
L lator and the tradeoff between alternative approaches is shown in
Table 7. 8-2,

‘There is a substantial savings in volume and weight for the large

probe. By deleting the boost regulator, a substantial cost savings would

also be realized by eliminating the design and development of an additional

component, -

The reliability of two 20-c.ell silver zinc batteries in parallel through
‘! isolation diodes for the large probe is 0. 9967 while the small probe with a
single 20-cell battery has a reliability of 0. 9985, This gives a baseline

1. 8.7
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probe reliability of 0,945 for the large probe and 0. 964 for the small probe,
A discharge regulator and two 13-cell silver zinc battcries in the large
probe has a reliability of 0. 9369 and the reliability of the small probe is
0.9¢66. The total probe reliability with two 13 -cell batteries and a
regulator is 0. 888 while the small probe reliability falls to 0,933,

Table 7. 8«2, Bus Regulation Trade Summary

BATTERY BOOST REGULATOR TOTAL
MASS VOLUME MASS  VOLUME MASS  VOLUME

KG)  (CMY) kG (€M) kG) (MY

LARGE PROBE
WITH REGULATOR 14,5 12220 2,5 5900 17.06 18 100

WITHOUT REGULATOR 9.8 5550 - - 9.28 5550
SMALL PROBE

WITH REGULATOR 7.3 6150 0.5%4 1188 7.954 7338
WITHOUT REGULATOR | 4.64¢ 28%0 | - - 460 2830

Since a regulator increased the weight and reduced the reliability of
the probes, direct discharge battery system providing 16 percent regula-

tion was chosen.

7.8.3.3 Cell Bypass versus No Bypass

The Pioneer 10 and 11 type bypass electronic circuitry in the large
probe battery was omitted from the baseline design because of excessive
battery power consumption. During the 133-day period belore entry, the
bypass circuits would require approximately 90 W -hr (28 milliwatt load
on the battery).

The use of silicon diodes for vypass protection (open circuits only)
would result in a minimal weight increase (diode + heat sink) and 12 W-hr

of power drain.

The reliability of the large probe battery with diodes ig increased
to 0. 99889 from a reliability of 0. 9984 without diodes. This results in a
probe reliability of 0, 9455 with diodes, from a reliability of 0. 9456 ‘without
diodes. Only the fifth significant figure changes due to the addition of
diodes. The bypass diodes do not increase the reliability sufficiently to
warrant the extra parts and weights.
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7.8.3.4 iunflight Charging versus No-Flight Charging

The proposed Phagse B Pioneer Venus, hus/probe, electrical power
subsystem included an inflight probe battery charging capability. This
capahility was provided to restore the following battery capacity losses.

™lanned capacity losses

® Cruise charge stand losses,

e Preseparation checkout power consumption.

Non-planned capacity losses

f e Battery cell failure (shorting),
‘ e Parasitic loads,
o Extended discharge duration.

Planned Capacity Loss

The basic design of the battery uses the more conservative, mono-

_ valent conversion of the positive plate (silver) during charge. This results

l o in a substantial reduction in charge stand losses during cruise. During

charge stand, the electrodes self discharge. This discharging varies with

and below. Throughout the cruise the battery temperature is between

¢
s‘ ’ temperature. The reaction proceeds more slowly at room temperature
B -18°C and 4°C (0 and 40°F); thus the losses will be low.

Preseparation power will be supplied from the bus except for one

transmutter function,

It can be seen that a minimal amount of capacity will have to be re-

stored because of charge stand losses and preseparation checkout,

Non-Planned Capacity Losses

Loss of a cell due to a short would reduce the battery voltage by
5 percent. Trying to restore this capacity would involve an elaborate
control system for ihe ground crew to eliniinate over-charging. Without
this charge control system, the battery would charge to the divalent state
and create gas thus increasing the degradation of the battery and a possi-
bility of rupturing a cell, thus causing the total loss of the battery and

) ', N probe.

7. 829
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Loss of capacitv Gue to the parasitic load of a shorted coast timer is

minimized by use of an isolation resistor of approximately 500 k ohms, and

44

a magnetic latching relay contact that activates the timer from a command in

the sequencer unit.

The probe battery has been sized to provide a regulation of + 10 per-
cent for the total mission duration, with a 5 percent capacity loss in 4 months
- from launch.

Based on the considerations that (1) a minimal amount of capacity
would have to be restored because of charge stand losses and preseparation

checkout, (2) the bus would have to supply logic for automatic and ground over

ride charge control and termination with switching for sequencing the 4 bat-

teries plus tracking station surveitlance with a specialized crew for up to 72

hours of charging of a shorted cell battery, and (3) the bus would req\ure a
special converter/charger that could supply 40 volts of high accuracy voltage

and current telemetry, no inflight charging is planned for the probe mission, - -

7.8.3.5 Relays versus Solid State Switching

Selection of magnetic latching relays over solid state switching was

b3

based primarily on their low power losses. Relays in the open state have a

zero power drain and no voltage drop in the closed state. Solid state switch-
ing devices, on the other hand, have leakage drain in the open state and have
from 0.5 to 1,0 volts drop in the closed state. The high current demand of
the pyro firing system (36 amperes, or higher) which are transient in nature
prohibits the use of solid state switch as the main power transfer. Also, the
use of solid state devices would require a larger battery to supply the addi-
tional energy requirement. Since relay contact contamination is a major fail-
ure mode, redundant contacts or redundant relays will be used in all relay

switching circuits.

7.8.3.6 Capacitor versus Direct Battery Pyro Firing

Firing of pyro devices directly from the probe battery and controlling the
current flow to each bridgewire to reduce the transient effect on the bus was
selected over the capacitor bank firing method. A magnetic latching relay is
used as the pyro bus arming switch, Each bridgewire i fired by triggering
a silicon controlled rectifier. A current limiting resistor is inserted in each
bridgewire circuit and is sized to provide a minimum of amperes at the min- ’
imum bus voltage. The bus voltage will not drop below 20 volts during the

maximum pyro current transient.
7.8-10
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Recycling the safe/arm relay after each pyro firing event will interrupt any

leakage current due to low impedance leakage paths in the ordnance devices

and allow the silicon controlled rectifiers to turn off. Using the probe

battery reduces the weight ;hd volume probleh of pa.ckagi'ng‘am‘i, 'qn;lifying I p

a separate capacitor firing system,

The capacitor bank pyro firing system does eliminate the transient P

load changes on the bus; however, the complexity and the volume of space st

required to package this system requires twelve 82-pf capacitors, con-
nected in parallel and charged to between 36 and 40 volts to fire a pyro
| biidggwiref The Pioneer Venus probe would require a maximum of six

capacitor banks to meet the ordnance redundancy requirement and the
number of bridgewires fired simultaneously. The volume required to

pakcage one capacitor bank is 53,3 cms.

7. 8. 4 Preferred Electrical Power Subsystem, Atlas/Centaur ] *
R 1

A 20-cell silver=zinc rechargeablé battery designed and conditioned - -
_ to operate in the flat monovalent silver discharge voltage characteristic . o
was chosen for the Pioneer Venus probe. The silver zinc battery was P

choseén for its high energy density, low charged stand losses and low cost
of manufacturing in that both probes use identical batteries.

7. 8. 4. 2 Power Control Unit (PCU) !

The PCU is the central sequencing, timing ’c'c_ontrol, and distribution ‘
point for the overall power subsystem, It is shown in Figure 7. 8-6 and N
implements in the following functions:

-

® Descent sequencer and coast timer
® DC-DC converter
e Power transfer function and switching

e Pyro firing functions

o Fault isolation

e Power subsystem status (telemetry),

7. 8.‘1,1




figure-7,8-6. Atlas/Centaur Power Control Unit Configuraion

PCU Functional Description

The PCU will be packaged in a rectangular chassis (15.4 x 15.4 x
9,6 cm). The assembly is comprised of seven "glices' of electronics.
Double-sided printed circuit boards will be sufficient for this design,
lays are to be mounted such that their least sénsifive axis will be pé,rallel
to the direction of deceleration. The chassis is aluminum. The mounting
hardware, Cannon DMA connectors #24 hook-up wire STME 742 lightweight
hivgvh strengtﬁ copper wire developed for the Viking Project, will be used

Re-

to reduce weight,

Two of the slices in the PCU comprise the timing sequencer and coast
timer. A more detailed description of these two functions can be found in
Section 7. 7.4, the data handling and command section of this report. Basi-

cally, the sequencer and timer operate as follows.

1.8-12
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‘K4 which starts the coast timer by applying battery power through contact

e PAM

Power to operate the coast timer is drawn directly from the probe
battery through an isolation resistor of approximately 500 k ohms., The
500 k ohms resistor in series with the timer prevents excessive power
drain in the event the timer shorts. A diagram of the primary power trans- ‘
fer relay control function provided by the PCU is presented in Figure 7.8-7.

Just before separation, a timer-enable signal from the bus transfers relay

-
K4A. At entry minus two days (E-2), the coast timer initiates transfer of ‘u :
relay K2 and thereby provides battery power to the IR heater through con-
tact K2. Just prior to entry the coast tim "» initiates transfer of relay Kl
that in turn initiates transfer of the primary gower transfer relay K5 through ’g
contact K1A. Primary power is thereby supplied to the experiments through g =
%
o
1
"

e -

contacts K5A. If the coast timer fails to operate before entry, the backup

g switches provide power to the power transfer relay.

Power Switching Function

The power switching functions for the primary power transfer, ord-
nance safe/arm, communications, window heaters, and science instruments
are provided by magnetic latching relays, 2-ampere Potter Brumfield and
10-ampere Leach, derived from the Viking and Pioneer 10 and 11 programs.
The 10-ampere Leach relay used for power transfer is capable of carrying
the high pyro surge currents,

TO M HEATER (E - 2 DAYS) § MAG LATCH RELAY
TURNED ON 8Y COAST

TIMER K2, AND OFF
3y e SEGURNCER KgA
v ws S g MOM
COAST LOADS

Gewircn) |G swicn2 e .

BAME ASK, 8Ky aerereraem e

Figure 1,87, Power Transfer Contrel
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The capability to operate through the anticipated high sustained
deceleration of entry has been demonstrated by tests at Martin Marietta
in excess of 600 g's. All power switching is controlled by command sig-
nals from the DHC.

Pyro Firing Circuits

The ordnance firitig and control functional diagram is presented in

Figure 7.8-8. Standard initiators used on Viking have been selected. The =

safe and arming relay is controlled by command signals from the DHC. The
relay is armed just before initiation of the firing signal and then returned to
safe within 250 milliseconds after the pyro firing signal. This clears any
shorts that may have developed as a result of pyro bridge short to ground by
removal of voltage across the SCR.. .A current. limiting resistor is employed.
to provide a minimum of 5 amperes per bridgewire at the expected battery

- voltage. With the relay in the safe condition the contacts provide a short
The shorted bridge, SCR loop is

also returned to single point power ground preventing static charge build up.'

‘across the SCR through the pyro bridge.

- The trigger circuit SCR combination is used on the VO-75 system. A trigger

" circuit module cast in epoxy contains eight firing circuits with mounting pro-

visions and solder connections. The pyros are ignited in redundant groups
of three for the fore- and afterbody release; the remaining pyros are redun-

dant and a‘ct'i>vated_ separately.

——
2
r@

) r===== ()
i —— !

f}:_ _
28
i

&

E
b
§§
3
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;\" -

ONC p
FIRE COMMAND MGG
CMCY

-

i

Figure 1.8-8. Pyro Firing dus and Current LimRing Resistor Grouping
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Overload and Fault Protection

-Overload Protection, The probe slectrical power system feeds both

critical and noncritical loads. Critical loads are those loads necessary
to maintain the probe subsystems operztion while noncritical loads could
fail without affecting the operation of other subsystems. Fxperiments
were classified as noncritical loads since the loss of one or more experi-
men:s could be tolerated with the remaining experiments still supplying
data.

Both orerload protection and fault protection were considered for the
noncritical 1oads. Overload protection requires the use of sophisticated
bus monitoring techniques and a control scheme that would permit detection
of overload conditions on an individual load basis with the capability to
isolate each load from the distribution bus, when failures are detected.

Beth cost and weight penalties are incurred when using this type of system.

Fault Protection. Our alternative to using overload protection is to

- .' use a Hughes fault protection design. This technique has beenusedinthe pzst
aind has been proven acceptable. Both the cost and weight impact.as com-
pared to the overload protection system are minimal, Only nonessential
1oads would be fused. This approach does result in a lower quality power
 bus since the fault load would be seen on the power bus until the fuse opened
and cleared the fault. Since the battery selected for the probe power source
is designed to deliver high peak or surge currents, the fault current during

the fuse opening time would not appreciably affect the power guality.

7.8.5 Preferred Electrical Subsystem, Thor/Delta

The power requirement for the Thor/Delta must meet the same
operational mission objectives and constraints as stated in Section 7. 8.1

~ for the Atlas/Centaur approach. Cost reduction versus weight and volume

was considered in the design approach. The systems powar demand re-

quired resizing of the probe batteries.

7.8.5.1 Battery

The Thor/Delta probe uses silver-zinc batteries in the monovalent
mode of operation, but the power profile requirements for the large and
small probe are such that they required two separately designed battery

70 8-15




packages.

the design with the primary emphasi

launch vehicle capability.

The Thor/Delta battery requirements are summarized in Table 7.8-3.

The power profile

Cost reduction versus weight and volume was considered in

7.8-9 and 7.8-10.

7.8-3.

s on low weight because of the limited

s for the large and small probes are shown in Figures

Thor /Delta Requirements Summary

LARGE PROBE

SMALL PROBE

WET STAND TIME
MISSION DURATION
DISCHARGE TIME (ENTRY)
MAXIMUM DECELERATION
MAGNETIC PROPERTIES (AT 31 CM)
TOTAL ENERGY TO LOAD

" MAXIMUM ORDNANCE FIRING CURRENT ...

BATTERY TEMPERATURE RANGE

VOLTAGES TO USERS

A) SCIENCE

B) SUBSYSTEMS

BATTERY HEATER POWER (PREENTRY)

SMALL PROSE
POWER PROFILE

16 MONTHS
133 DAYS
1.0HR
500 G
40 GAMMA
182 W=HR
5 AMP

=-18 TO 85°C

28 VDC + 10%
28 VDC + 10%
15 W-HR

16 MONTHS
133 DAYS
1.0 HR
500 G
30 GAMMA
114.9 W=HR
SAMP
-18 TO 85°C

28 VOC + 10%
28 VDC + 10%

30 W-HR
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Figure 7.8-10. Thor/Delta Large Probe Power Profile

7.8.5.2 Power Control Unit

Thor /Delta - Large Probe

. Packaging requirements for the Thor/Delta large probe lend them-
selves to a more convehtionai approach than do those of the small probe.
The PCU will be packaged in a rectangular chassis (7.6 x 8.9 x 21. 6 cm).
Double -sided boards should be sufficient for this design. Relays will be
mounted so that their least sensitive axes will be parallel to the direction
of deceleration forces. The chassis will be magnesium and mounting

hardware and connectors will be the cannon DMA series.
7.8.5.3 Battery

The battery pack will be fabricated using an impregnated fiberglass
wrap design reinforced with magnesium structure at various stress

locations. The pack size will be (8.3 x 9.9 x 13,7 em).

Sketches of the small and large probe batteries are shown in Figures
7.8-11 and 7. 8-12,

-

e it




P .;.._‘_*
- s
4
SIZING FACTORS VALUE. % ENERGY STORAGE CAMCITY 143 W=HR lb
vy - A-HR CAPACITY (MONOVALENT) | 5.1 A-mk ,
LINE ZONTACT LOSS ' TASS 17K
CHARGED STAND LOSS 5 I Y]
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Figure 7,811, Small Probe Battery, Thor/Delta Configuraiicn & -
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Figure 1,8-12, Large Probe Battery, Thor/DeRa Contiguration
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7.8.5.4 Power Control Unit

Thor /Delta - Small Probe

The proposed packaging concept for the Thor/Delta small probe is
an evclution based on many design requirements. The probe size and
shape were the main determining factors. The efficient utilization of
allotted volume resulted in a cylindrical housing and an integrated elec-
tronics assembly which contains the DHC, PCU, acce'erometer, pressure,
temperature, and magnetometer electronics. (Figure 7.8-13). This hous-
ing also acts as the equipment mounting shelf for the battery pack, stable
oscillator, transmitter driver, nephelometer and the power amplifier.
(Figure 7.8-14). Using this approach; all of the equipment is mounted
to the pressure shell separation plane at three locations. Thermal isolators
are used at these locations to minimize heat transfer from the pressure
shell to the electronic assemblies. With removal of the jam nut on the
pressure transducer fitting, and the lower pressure shell, all electrical
connectors are accessible for disconnection and removal of the entire
electronics assembly, excluding the antenna and its coax cable, which are

mounted to the upper pressure shell, Thermal isolators are used to support

Figure 7.8-13. 1integrated Electronics Figure 7,.8-14, Equipment Mow™ing Sheit

7. 8.19
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the coax cable from the pressure shell (Figure 7, 8-15), Cannon Scries,
DMA connectors are used for interface connections betwecn the battery

pack and all other prohe equipment units.

P
[}

Figure 7.8-15, Cut Away View of Thor/Dslta Small Probe

The battery pack housing will be fabricated using an impregnated
fiberglass wrap design, reinforced with magnesium structure at various

stress locations.

Experiment electronics (pressure, temperature, acceleration and
magnetometer) and the power control circuitry will be packaged in individual
cavities located in the bottom haif of the integrated electronics housing.

These printed wiring boards should be primarily two-sided boards.

All boards will be mounted to the housing with #4-40 titanium torque

set screws with #4-40 Helicoil inserts (phosphor bronze or beryllium copper)

installed in the housing. Boards will be spaced using magnesium spacers.
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7.9 ELECTRICAL INTEGRATION

7.9.1 Introduction and Summary

The probe clectrical integration involved golutions to a namber of

il
problems not normally encountered on previous planetary missions. Among .

4

these were the grounding, interconnection, and EMI techniques to permit

the multiple probes to function as integrated subsystems, while attached to

[

the probe bus, and yet function as completely autonomous spacecraft after
separation. Allied with these problems was the need to minimize potential
drain on the probe batteries during cruise. Other problems included the
ke electrical penetrations to withstand the high temperatures and high pressures Q‘ ‘
- to be encountered at the surface of Venus, the selection of an electrical
'_ separation device, and the design of interconnections to withstand the high
- entry deceleration of the order of 600 g. Although packaging is not normally
' considered an electrical integration function or responsibilitly. in the probes
it is heavily influenced by the need for accessibility to connectors and to
cable routing and attachment to survive the environment. A oarticular case
is the Thor/Delta small probe where most of the electronics were to be
packaged in a single, integrated structure to minimize size, weight, and
interconnecting cables.
The Atlas/Centaui, 1978 mission with the Version IV science has also
impacted the electrical integration. Removal of the magnetometers from the
primary payload has cased the problem of magnetic cleanliness. However,

addition of the wind drift radar to the large probe may cause some new

EMI problems. The preferred electrical integration for this mission is
. _ a subsystem with the primary power single point ground at the RF power

', amplifiers in the communications subsystem (the power amplifiers have

the output stages tied to ground). Secondary power returns and signal
returns mav be connected to a common chassis poini. The chassis connec-
tion will be brought out to a pin on the umbilical connector to iie back to

the bus single point ground. Interface connections to the bus will consist

of three command lines, three data lines, +28 volt DC power, and the
ground connection described above. All experiments will be fault isolated
from the +28 volt power bus by fuses. Power will be switched by relays.

A 20-cell silver -zinc battery will provide primary 22 volt + 10 percent power

throughout the descent phase of the mission. The ce will be no auxiliary
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batteries for the timers or pyrotechnic firing. A1l functions will be powered
from the primary battery. All pyros will be fired directly from the batterj.
without energy storing capacitor banks. The umbilical will be scparated

by a cable cutter. All timing, sequencing, and command and control
functions are performed by circuits within the power conditioning unit (PCU).
Figures 7.9-1 and 7.9-2 show the system interface connectionsv for both

large and small probe preferred designs.

7.9.2 Requirements

There are two primary requirements for probe electrical integration.
The first is that each probe, while operating as a separate, autonomous
spacecraft, will provide the capability for each science experiment to
collect and have data transmitted to earth without interference or degradation
due to the operation of other experiments or subsystems within the probe.
The second requirement is that, while attached and electrically connected
to the probe bus, the probes will not interface with, nor degrade the perfor-
mance of the bus electrical subsystems. Here it may be possible to tolerate
some interference during short, predetermined periods, such asbpre‘launch

and/or preseparation checkout where the effects are known and controllable.

An ancillary problem is to provide the capability to test, check out,
and calibrate the experiments and electrical subsystems within the probes

after they are closed and sealed.

7.9.3 Electrical Integration, Atlas/Centaur

Electrical integration of the Atlas/Centaur probes is heavily influenced
by the selection of exisiing design hardware for most of the electrical sub-
systems. This dictates a need to use these designs without modifications
such as changing grounding methods, external connectors, or connector
locations. This establishes the primary power, single -point ground at
the RF power amplifiers because they are built with the output transistors
connected directly to the chassis to provide a good thermal conduction
path. The secondary power returns and signal returns are connected to a
common chassis point. The chassis connection is routed through the bus/
probe umbilical to the single point ground located in the bus, Ground
battery charging and accelerometer check out is accomplished through a

sepafaté connector located on the descent capsule bulkhead up to the time
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Figure 7.9-1, Allas/Cemaur Small Probe System interface Connections
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the shroud is installed. Figures 7.9-1 and 7. 9.2 show the interface connec-
tions. Connector P-1 is the battery charze and accelerometer calibration
connector. The interconnecting harness and connectors were selected for
minimum weight and volume characteristics. The harness is a conventional
bundle of high-strength insulated lightweight copper wire (STME742) devel-
oped for the Viking project. The harness set consists of several separate
assemblies designed to minimize fabrication efforts, separate unrelated
classes of electrical signals, and allow maximum compliance with EMC
requirements. Number 24 AWG is planned for all unit interconnections
except for power circuits where 20 or 22 AWG will be used.. Cabling.and . -
connectors will be positioned and clamped to withstand the high g decelera-
tions of entry. Hermetic Seal corporation feedthrough connectors will be -

used for descent capsule electrical penetration. '

The RF circuits will have the low side grounded at the equipment
connectors or coaxial outer conductors. The coaxial connector and cable
d1agram is shown in Figures 7.9-3 and 7.9-4. Equipment that intentionally
operates above 150 kHz may Fave secondary power circuit ties to the unit
case, provided that a minimum resistance of 10,000 ohms exists between
all low frequency (0 to 150 kHz) input or output leads and the unit case
prior to external electrical connection. System test and checkout equipment
will have their low side tied to the bus single point ground when using a

separate power source.

All metallic parts making np the primary and secondary structure
(including those that support electrical and electronic circuitry) will be
designed to provide continuous. electrical contact. The direct current

resistance across each joint will not exceed 10 miliiohms.

Individual experiment units are provided with fault isolation via a
| fuse located in the PCU. Fuses were selected on the basis of low weight

and volurne over the more sophisticated fault icolation voltage and current
monitors.
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Figure 7.9-3, RF Cable, Large Probe Figure 7.9-4, RF Cable, Smalt Probe

EMI considerations are heavily influenced by the fact that essentially
all of the probe electronics are enclosed in the thick, metallic pressure
shell. The shell effectively shields the electronics from external fields
and prevents radiation to outside receivers. Thus, careful attention to
filtering or isolating all electrical penetrations of the pressure shell -
shouid'adequately isolate the probes. Internally, cable routing, filtering,
and shielding in conjunction with the previously described grounding method
should control conducted as well as radiated interference. The wind drift
radar in the large probe should not present a significant problem, although
it will require close attention. The radar antenna and communications
antennas are at opposite ends of the spin axis so they are separated by the
body of the probe itself, Both antennas are directional with relatively low
back lobe radiation and the frequencies are quite different (S-band and
X -band), The filtcring specified for the S-band power amplifiers, together
‘with the items discussed above, should effectively prevent the communica-
tions signals from interfering with the radar. If similar control is main-

tained on the radar, there should be no major problem.

'~ 7.9.4 Electrical Integration, Thor/Delta

Electrical integration of the Thor/Delta large probe is very similar

to that for the Atlas/Centaur probes. The exception is that there is no

7.9-6
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wind drift radar. However, there are cther instruments, such as the
shock layer radiometer and the aureole/extinction detector mounted outside
the pressure shell. Therefore special atcention to filtering and shielding
is necessary, along with an additional electrical separation device.

The Thor/Delta small probe presents a somewhat different problem.

- Because of the limited payload capability, probe weight had to be minirmized.
This led to an ext:eme volume constraint on the small probes. The efficient
utilizotion of allotted volume resulted in a cylindrical housing and an inte-
grated electronics assembly which contains the DHC, PCU, accelerometer,
pressure, temperature, and magnetometer electronics. This housing also
acts as the equipment mounting shelf for the battery pack, stable oscillator,
transmitter driver, nephelometer, and the power amplifier (Figure 7. 9-5.)
Using this approach, all of the equipraent is mounted to the pressure shell
separation plane at three locations. Thermal isolators are used at these

locations to minimize heat transfer from the pressure shell to the electronic

assemblies. With removal of the jam nut or the pressure transducer fitting,
and the lower pressure shell, all electrical connectors are accessible for
disconnection and removal of the entire electronics asaembiy. excluding the
antenna and its coax cable, which are mounted to the upper pressure shell
(Figure 7.9-6). Cannon Series DMA subminiature crimp snap in contact
connectors are used for interface connections between the battery pack and
the DHC, from the DHC to the transmitter driver, and from the electrical
feedthroughs to the DHC.

POWER AMPLIFIER

TRANSMITTER
ORIVER

NEPHELOMETER

BATTERY

INTEGRATED R 3
PRESSIRE ELECTRONICS

TRANSDUCER

figure 7,9+5. Equipment Mounting Shell, Thor/Delta
Small Probe
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Figure 7.9-6. Cut Away View of Thor/Deita Small Probe

Experiment electronics (pressure, temperature, acceleration, and

.magnetometer) and the power control circuitry will be pa?:kaged in individual

cavities located in the bottom half of the integrated electronics housing.

Interconnections from board to board is accomplished using flat cable, ‘The: -~

integrated hoﬁbvsing will be machined from magnesium.
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